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ABSTRACT OF THE DISSERTATION
MRS and Neuropsychological Outcome in Children with Non-accidental TBI
by
Aileen Arratoonian
Doctor of Philosophy, Graduate Program in Psychology
Loma Linda University, August 2011
Dr. Todd Burley, Chairperson
Despite the severe and long-term neurological consequences and the prevalence
of non-accidental head trauma (NAT) among infants, few empirical studies have
specifically examined the neuropsychological consequences in this population of
children. The current study examined the relationship between clinical variables,
Magnetic Resonance Spectroscopy (1H-MRS), and neuropsychological outcome in this
high-risk population of children. Infants and children with a confirmed diagnosis of NAT
were recruited by the Division of Pediatric Neurology at Loma Linda University
Children’s Hospital and administered a comprehensive follow-up neuropsychological
evaluation and neurological exam several months post injury. At the conclusion of the
study, there were 13 participants with a mean age of M = 3.62, SD = 1.61. Results
revealed several significant correlations between 1H-MRS, clinical variables, and
neuropsychological outcome that are consistent with previous findings as well. As such,
the current findings suggest that neurometabolite ratios observed at time of injury can
potentially play a significant role in understanding possible functional outcomes the
caregivers of these children can expect. Global neuropsychological deficits were also
identified among children with non-accidental head trauma, suggesting the need for
clinical interventions in this high-risk population. Several significant associations

xvii

between child deficits observed in this population and parental stress were identified,
which has significant implications for the child’s recovery trajectory as well.

xviii

CHAPTER ONE
INTRODUCTION
Traumatic Brain Injury (TBI) in children and adolescents is the most common
cause of fatality or long-term disability (Broman & Michel, 1995) resulting from
neurobehavioral and neuropsychological deficits (Babikian & Asarnow, 2009).
However, there appear to be significant differences in the clinical presentation and longterm neurobehavioral and neuropsychological consequences found in pediatric nonaccidental head trauma compared to pediatric accidental head trauma (Ewing-Cobbs,
Kramer, & Prasad, 1998). The examination of non-accidental head trauma among infants
and children is critical, given the prevalence of such trauma and these devastating
consequences. Recent studies suggest the prevalence of non-accidental traumatic brain
injury (TBI) in children two-years-old or younger is approximately 17/100,000 personyears (Keenan, Runyan, Marshall, Nocera, Merten, & Sinal, 2003). Furthermore,
alarming statistics highlight that non-accidental head trauma is the leading cause of
traumatic death during infancy (Duhaime, Christian, Rorke, & Zimmerman, 1998;
Keenan, et al., 2003).
Several empirical studies have examined the short and long-term consequences of
non-accidental pediatric TBI and have found variable findings, including fatalities in the
most severe cases. However, among those infants who survive these inflicted injuries,
serious long-term consequences are often present, such as neurological deficits (Reichert
& Schmidt, 2001), neuromotor deficits and visual abnormalities (Barlow, Thomson,
Johnson, & Minns, 2005), as well as neurobehavioral or neuropsychological deficits
(Ewing-Cobbs et al., 1998; Barlow, et al., 2005) that can later impact their daily living
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skills. While clinical variables, such as age at time of injury, duration of time since
injury, Glasgow Coma Scale (GCS) score, duration of impaired consciousness, and
presence of nonreactive pupils have importance predictive implications for long term
outcomes, such clinical indicators combined have been found to only correctly classify
approximately 80% of gross neurological outcomes in children (Ashwal, Babikian,
Gardner-Nichols, Freier et al., 2006). More promising techniques have emerged in recent
years that have demonstrated greater predictive abilities for long-term consequences as
well as more accurate assessment of TBI in children. Specifically, magnetic resonance
spectroscopic imaging (MRS) has contributed to the body of literature that examines the
severity and distribution of injury after a TBI, particularly for the examination of diffuse
axonal injury (DAI) (Ashwal et al., 2006). Further, recent studies have demonstrated that
MRS variables provided more predictive utility for outcomes among infants with nonaccidental trauma compared to those with accidental trauma (Ashwal et al., 2006).
While there are variable findings across these studies, there appears to be
evidence for the significant relationship between MRS variables and neuropsychological
outcomes (Brenner, Freier, Holshouser, Burley, & Ashwal, 2003; Parry, Shores, Rae, et
al., 2004; Friedman, Brooks, Jung, Hart, & Yeo, 1998; Brooks, Stidley, Petropoulos, et
al., 2000). However, it is unclear if certain neurometabolite markers are stronger
predictors of neuropsychological outcome than other neurometabolites in pediatric TBI.
Therefore, one of the objectives for the current study will be to contribute to this body of
literature and determine if there are specific neurometabolite markers that appear to be
more strongly predictive of neuropsychological and social and behavioral outcomes
compared to other neurometabolites. Further, previous findings suggest there are
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significant differences in both neurological and neuropsychological outcomes found in
accidental compared to non-accidental head trauma (Ewing-Cobbs, et al., 1998; Johnson,
Boal, & Baule, 1995). Therefore, another objective for this study will be to examine
specific neurometabolite ratios among pediatric non-accidental TBI and determine if
potential neurometabolite markers are stronger predictors of outcome compared to other
brain neurometabolites in non-accidental pediatric TBI. In addition, close examination of
these studies reveal methodological limitations including small sample size and
examination of short term consequences rather than long term consequences, which limits
the ability to generalize such findings to this unique population. Therefore, this current
study will attempt to contribute to this body of literature with an anticipated larger sample
size and examination of long term neuropsychological and neurobehavioral consequences
of non-accidental pediatric TBI.
Among the few studies that have examined non-accidental head trauma and
neuropsychological consequences, review of these previous studies reveals very limited
data on the specific interpersonal/social and behavioral consequences associated with
these injuries in children. As such, another objective for this current study is to closely
examine the behavioral, social, and emotional long-term consequences of non-accidental
pediatric TBI.
Among those who survive non-accidental traumatic brain injuries, it is essential to
provide the necessary interventions that can facilitate gradual recovery and help the infant
or child reach their optimal level of functioning. As such, identification of variables that
can identify the severity of these non-accidental head injuries as well as help predict
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long-term neurobehavioral outcomes can potentially aid in the treatment planning for
victims of non-accidental TBI.

4

CHAPTER TWO
LITERATURE REVIEW

Brain Maturation & Neural Changes
The underlying neural mechanisms are essential processes that contribute to the
developing child’s cognitive development. A fundamental principle with understanding
the neurobehavioral changes associated with neural development is that the quality of the
new functions is dependent upon the quality of the earlier associated neural pathways and
functions (Epstein, 2001). Therefore, although neural pathways are continuously
strengthened with increased exposure to stimulating environments and opportunities, the
quality of these networks is established from the earlier years of development, thus
highlighting the importance of early interventions.
There is a sequence of changes that the human brain progresses through and is
essential for cognitive development. For instance, many longitudinal MRI studies have
demonstrated cortical maturation that has corresponding neurobehavioral cognitive
changes (Gogtay, Giedd, Lusk, Hayashi, Greenstein et al., 2004; Sowell, Thompson,
Leonard et al., 2004). A neonate has innate characteristics that he/she demonstrates
immediately following birth (e.g. reflexes) (Humphrey, 1970). Following birth, the
primary sensory and motor areas of the human brain are more advanced than the other
parts of the brain, such as the parietal and temporal lobes (Spreen et al., 1995). The
prefrontal lobes are the least areas of the brain that are developed and do not demonstrate
distinct changes or maturation until after the second year of life. This paper will attempt
to highlight the important sequence of changes the developing human brain has been
found to demonstrate, beginning with the infancy years.
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Infancy
During the one month to one year postnatal age the infant experiences maturation
in several developmental realms including in their sensory, perceptual and motor
functions (Bower, 1977). The developing infant demonstrates an increase in brain size,
as represented by the increase in head circumference, along with strengthening and
organization of the nervous system and increasing myelination in the Central Nervous
System (CNS) which permits the infant to become more responsive to the external
environment (Goldman & Rakic, 1979; Dekaban, 1970). With this process of neural
maturation is a strengthening of the association fibers and tracts (Altman & Bulut, 1976).
As these neural pathways become more developed, the infant learns how to manipulate
his/her environment to elicit desired outcomes. For instance, the infant learns that crying,
smiling, demonstrating eye contact, and vocalizing can successfully cue their caregivers
to feed or provide desired contact (Bernal, 1972). These neurophysiological changes are
observable and measurable on EEGs. For instance, immediately following birth, there
are very limited EEG potentials that are present, which are irregular and low in
amplitude. However, by approximately four months of age, greater EEG potentials are
evident, primarily in the occipital cortex, suggesting functional changes in the infant’s
visual system.

Early Childhood
Beginning around 10 months of age to approximately two years of age, the child
experiences a slow brain growth period during which he or she learns to control and
manipulate their own body movements through practice, which is why exposure to such
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opportunities is important for strengthening the neural networks that facilitate gross
motor development skills (Epstein, 2001). The next large brain growth stage occurs
approximately around two years of age until around four years of age, when the
developing child’s sensory modalities strengthen and he/she learns to use their senses to
experience their external world (Epstein, 2001). Following this stage is another period of
slow brain growth until around six years of age, when the child further consolidates the
developed sensory and motor functions through their increased exposure to opportunities
that strengthen the neural networks facilitating these functions (Epstein, 2001). By the
time the child is about four or five years old, synthesis of new brain cells typically
discontinues, thus the increased brain weight is attributable to the increased arborizations
of the neurons (Epstein, 2001).

Childhood
By around age six the child experiences another rapid brain growth stage, during
which connections are made between pre-existing neural networks (Epstein, 2001). This
stage is particularly important, as it strengthens the association between mental and
sensorimotor functions, which in terms of neurobehavioral functions, allows the child to
develop more abstract sensorimotor functions and reasoning about experienced inputs
(Epstein, 2001). As previously discussed, the quality of these connections is strongly
associated with the pre-existing network connections (Epstein, 2001), which further
highlights the importance of early inputs that maximize these opportunities.
The following slow brain growth period occurs around the age of eight years to
ten years, during which period the child again is consolidating and strengthening new
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functions (Epstein, 2001). An important rapid brain growth follows this stage, by around
age ten, when the child’s brain has significant increases in neuronal arborizations and
strengthening of existing networks (Epstein, 2001). This stage is relevant and observable
for cognitive development, as it manifests into Piaget’s abstract reasoning stage (Epstein,
2001). Additionally, this stage is unique for the brain’s observed gender differences.
Specifically, studies indicate that females experience about twice as much brain weight
increase as males, which allows them to develop more cognitive functions (Epstein,
2001). Evidence also suggests a predominance of right-side brain growth during this
stage (Thatcher, Walker, & Guidice, 1986; LeMay, 1977).

Adolescence
When the child is around twelve to approximately fourteen years old, he/she
experiences another slow brain growth period, which again, similar to previous slow
brain growth periods, is characterized by the consolidation of new neural networks
(Epstein, 2001). Following this stage, when the child is around fourteen to sixteen years
old, there is another period of rapid brain growth. Contrary to the previous stage that
occurs around ten years of age, this stage is typically marked by male brain weight
increase which is more than twice compared to that of females, and a predominance of
the left-side brain growth (Epstein, 2001).

Critical Periods
The early works of Lorenz (1937) demonstrated the potential importance of
critical periods in childhood development. Lorenz was able to provide evidence of the
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formation of primary social bonds in birds (i.e. filial imprinting) that must occur during a
sensitive period (Spreen et al., 1995). Critical periods are defined as sensitive periods
that are characterized by irreversible changes in brain function (Knudsen, 2004). It is
essential that the developing child has exposure to stimulating and necessary experiences
during given points in their brain development, as it has been demonstrated that the
adverse effects of atypical experiences during such a period cannot be reversed by
restoring typical experiences later in life (Knudsen, 2004). During these critical periods,
there are neural underpinnings that underlie the behavioral changes (Knudsen, 2004).
Therefore, as mentioned in the previous discussion, the interaction between early
exposure to experiences and neural network changes is important for cognitive
development and is further complicated by ensuring that these experiences are provided
to a developing child during the critical period for those functions or skills.
In summary, several neural changes underlie the neurobehavioral and cognitive
development observed in a developing infant and child. The essential determinant of the
quality of these neural networks and associations that underlie the cognitive processes is
the strength and quality of the pre-existing neural networks. Further, the neural processes
limit the child’s capacity for higher-order cognitive tasks or functions by either requiring
greater speed for information processing (Bjorklund & Green, 1992) or a slow
progression of associations in the neural pathways between functional systems (Epstein,
2001).
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Brain Trauma in Children
Definition of Traumatic Brain Injury
The Center for Disease Control (CDC, 2009) defines a traumatic brain injury
(TBI) as an impact to the head either caused by a jolt or by a penetrating wound that
disrupts the function of the brain. There are varying degrees of severity of a TBI, ranging
from mild to severe, depending on the extent to which the injury causes a change in
mental status or consciousness (CDC, 2009). Studies have demonstrated that about 7090% of TBIs are of mild severity (Cassidy, Carroll, Peloso, Borg, von Holst, Holm,
Kraus, Coronado, 2004).

Prevalence & Etiology of Traumatic Brain Injury in Children
It is estimated that about 1.4 million people in the United States sustain a TBI
each year (CDC, 2009). The most common cause of TBIs are falls, accounting for about
28%, with the highest rates of TBIs from falls among children between the ages of 0 to 4
years old and adults older than age 75 (Langlois, Rutland-Brown, Thomas, 2006).
According to Spreen et al. (1995), head trauma is also commonly a result of child abuse.
Among adolescents between the ages of 15 to 19 years old, the leading cause for TBI is
from motor vehicle-traffic-related incidents (Langlois et al., 2006). Further, according to
the CDC, the two age groups at the highest risk for TBI are infants and toddlers between
the ages of 0 to 4 years old and adolescents between the ages of 15 and 19 years old
(Langlois, et al., 2006).
According to McKinlay, Grace, Horwood, Fergusson, Ridder, & Macfarlane
(2008), it is difficult to obtain accurate prevalence rates for TBIs among this high risk age
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group, as the definition of TBIs often vary and the age range included in the reported
prevalence rates often vary. Further, these prevalence rates may be inaccurate because of
the unknown amount of unidentified or untreated TBIs that were never admitted to the
hospital because of their mild severity (McKinlay et al., 2008). For instance, previous
studies have demonstrated that infantile subdural hemorrhage in 18% of infants were
actually previously admitted to a hospital and had a missed diagnosis (Jayawant,
Rawlinson, Gibbon et al., 1998). Another potential variable that limits the accuracy of
prevalence rates for TBIs include lack of information in many studies about multiple
TBIs within individuals (McKinlay et al., 2008). In a more recent study conducted by
McKinlay et al. (2008), data was gathered during a 25-year longitudinal study of a birth
cohort to examine prevalence rates for TBIs. The cohort consisted of 1,265 children that
were followed at birth, 4 months, 1 year and annual intervals up to age 16 years. Followup with the cohort members again occurred when they were 18, 21, and 25 years old.
The data gathered information about all injury events resulting in medical attendance
based on parental report and cross-checking with medical records in some cases during
the period of time the children were between the ages of 0 to 16. Further, data was
gathered on hospital attendances based on hospital records. During the time the cohort
members were 16-25 years of age, self-reports of medical attendances for head injury and
hospital records were used for the data collection. Further, specific inclusion criteria were
utilized for identifying individuals with mild TBIs. This study revealed that by age 10
years, about half of the cohort experienced an injury to the head. Results also indicated
that over 30% of the cohort members reportedly had a sustained TBI by the age of 25.
Additionally, the prevalence rates of TBIs per year in this population was much higher

11

compared to previously reported rates of 100 to 300 per 100,000 per year for children and
young adults (Cassidy et al., 2004; Hawley, Ward, Long, Owen, & Magnay, 2003; Kraus,
Rock, & Hemyari, 1990; Peloso, von Holst, & Borg, 2004). Specifically, the prevalence
rates found in this study were 1000-3000 per 100,000 per year, depending on the age of
the cohort member. Gender differences in prevalence rates were also revealed, with
males being significantly at higher risk than females for TBIs. The etiology of the TBIs
in this study revealed that among the younger children (i.e. between the ages of 0 to 14
years) the injury was caused by falls and being hit by an object in a majority of the cases.
However, among children 14 years old and older, rugby, assaults, and motor vehicle
accidents were the most common cause for the acquired TBI.

Consequences of Traumatic Brain Injuries
As briefly discussed above, the consequences of head injuries can vary depending
on several variables. One of the variables that determine the consequence of a head
injury is whether it was a closed or open head injury (Spreen et al., 1995). A closed head
injury is the most common form of head injury that can have various causes such as falls,
motor-vehicle accidents, physical impacts, or even from the birth process (Spreen et al.,
1995). Among children, an open head injury is often caused by self-injury or playmatecaused injury from sharp objects or toys (Spreen et al., 1995). Potential damage to the
brain from a TBI in children includes skull fractures, cortical contusions, diffuse axonal
injuries, subdural or epidural hemorrhages, intracerebral hemorrhages, and diffuse
cerebral swelling (Spreen, et al., 1995; Shapiro & Smith, 1993).
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The extent of damage to the brain caused from a TBI can vary depending on the
age at the time of injury. Specifically, because of the relative immaturity of the skull and
the smoother inward-facing surfaces, the infant’s brain is less likely to have traumatic
cortical contusions and lacerations than an older child’s or adult’s brain (Spreen, et al.,
1995). However, because the infant’s skull is thinner and has unfused suture lines, it is
more prone to fractures and deformities (Shapiro & Smith, 1993).
Following a TBI in children, the acute deficits may include loss of consciousness
or a coma or altered states of consciousness, leading to residual confusion and
disorientation (Spreen et al., 1995). If a coma results from the injury, the depth and
length of time of the coma affects the severity of the brain damage and ultimately the
neurobehavioral deficits that can be caused by the brain damage (Spreen et al., 1995).
Tontisirin, Armstead, Waitayawinyu, Moore, Udomphorn, Zimmerman, Chesnut, and
Vavilala (2007) conducted a recent study to examine changes in cerebral autoregulation
over time in children 16 years old and younger, with severe TBIs. Cerebral
autoregulation is defined as a homeostatic process where cerebral blood flow (CBF) is
maintained constant over varying blood pressures (Tontisirin et al., 2007). Previous
studies conducted in children that monitored their cerebral autoregulation after a TBI
have demonstrated that about 40% of moderate and severe TBIs result in impaired
cerebral autoregulation, compared to the 17% of mild TBIs (Muizelaar, Ward,
Marmarou, Newlon, & Wachi, 1998; Sharples, Matthews, & Eyre, 1995). In their study,
Tontisirin et al. (2007) had nine children that were administered two separate cerebral
autoregulation tests. In a majority of these children, initial cerebral autoregulation exams
were impaired; however, by the second exam, their cerebral autoregulation was intact.
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However, in 33% of the children who had two exams, their cerebral autoregulation
worsened between the initial and second exam. The authors suspected that cerebral
autoregulation that worsened between the first and second exam, may have been
contributed to increase in TBI lesion size, based on monitoring of head CT scan images
over time after the injury. Other neurologic impairments that can result from TBIs in
children include an altered cerebral blood flow and metabolism (Udomphorn, Armstead,
& Vavilala, 2008).
Other studies have attempted to study the neural correlates of anxiety following a
TBI in children (Vasa, Grados, Slomine, Herskovits, Thompson, Salorio, Christensen,
Wursta, Riddle, & Gerring, 2004). The authors examined whether damage to the
orbitofrontal cortex (OFC) and temporal lobes can lead to anxiety in children following a
TBI, as these are the specific regions of the brain involved in anxiety among adults. The
sample consisted of ninety-seven subjects between the ages of 4 to 19 years old, with
severe TBI. Children and adolescents underwent an MRI three months following their
injury for about 18 minutes. In addition to the neuroimaging in this study, children
completed several psychosocial measures of anxiety including a structured diagnostic
interview and a constructed scale called the Modified Psychosocial Adversity Scale,
modeled after the scale developed by Brown, Chadwick, Shaffer, Rutter, & Traub (1981).
The results of this study revealed that children whose MRI scans showed greater damage
to the OFC were less likely to develop symptoms of anxiety, even after controlling for
pre-injury anxiety and damage to other brain regions. The authors posit this relationship
may be attributed to the strong reciprocal connection between the OFC with the
amygdale, which has been found to mediate anxiety in previous studies (Armony &
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LeDoux, 1997). On the other hand, temporal lobe lesions did not correlate with anxiety,
but did correlate with Post Traumatic Stress Disorder (PTSD) and posttraumatic stress
symptoms (PTSS).

Cognitive Development
In order to examine traumatic brain injury in children it is important to understand
normal developmental progression. Several theories of cognitive development will be
discussed to achieve this understanding. There are many theories of development that
adopt different approaches to understanding cognition. The theories discussed in this
paper adopt either a stage approach or a sociocultural approach, or a focus on
understanding underlying processes in cognitive development. The common theme
among the discussed theories of cognitive development is that children progress through
interactions with their environment and the processing and internalization of the stimuli
they are exposed to.
Current perspectives in understanding cognitive development in infants and
children incorporate historical perspectives, such as Piagetian theories and Vygotsky’s
model, as well as more contemporary models for understanding cognitive development.
Sigmund Freud’s work on early relationships and the importance of early experiences in
childhood called attention to the importance of establishing experiences and
environments for children that will help them progress through normal maturation
(Miller, 2002). Empirical research since these historical theories has continued to focus
on the role of environmental influences that impact an individual’s brain development,
thereby influencing cognitive development.
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Piaget’s Cognitive-Stage Theory of Development
One of the most influential theories on cognitive development came from the
works of Jean Piaget, who introduced the cognitive-stage theory to developmental
psychology (Miller, 2002). Piaget’s stage approach theory attempted to explain the
underlying processes that contribute to the acquisition of knowledge over time (Miller,
2002). Piaget introduced the concept of structuralism, which is the idea that mental
operations underlie thinking episodes. Specifically, he proposed that cognitive structures,
or schemes, are constructed that are often motivated by feelings of necessity. These
structures guide a developing infant with their interactions with the external world
(Miller, 2002).
Piaget’s stage approach to cognitive development was a significant contribution to
developmental psychology, as this theory has been used as a foundation for future
research in cognitive development that examines both the physiological and psychosocial
changes that infants and children progress through in their development. Piaget’s
approach defined a stage as a period in which the developing child’s thinking and
behavior is a manifestation of the underlying mental structures occurring during that
period. The stages identified by Piaget had five primary characteristics that were
essential to his theory. Namely, each stage has a unique structure that fosters a different
view of the world in the developing child and that translates into different behaviors and
ways of relating to the world. Further, each stage is derived from a previous stage and
there is only a progression from previous stages to later stages of cognitive development.
Therefore, unlike Freud’s theories on psychosocial maturation, which proposed
regression to previous stages if adequate maturation is not achieved, Piaget proposed a
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normal upward progression through the stages of development (Miller, 2002). Another
essential characteristic about Piaget’s cognitive-stage theory was that the infant or child
progresses through the stages in a sequence without skipping a stage. Further, Piaget
proposed that the stages are universal, in that all individuals progress through the stages,
even though the pace of progression may vary among certain individuals. Finally,
Piaget’s stage theory emphasized the gradual process underlying each stage before it is
finally achieved and the individual is ready to progress to later stages.
Piaget’s distinct stages begins with the sensorimotor period, from birth to
approximately two years of age (Miller, 2002). This stage is marked by an infant’s
construction and view of their world through sensory and motor systems. During the first
month in this stage the newborn demonstrates programmed responses to particular
stimuli, such as sucking reflexes and grasping reflexes. During this phase, the infant
generalizes their sucking behavior to a range of objects and is also able to successful
discriminate between the objects, which advances and sophisticates their responses from
reflexive responses to more organized behavior patterns. During the next three months
(i.e. from approximately one to four months of age), the infant demonstrates primary
circular reactions to certain stimuli. This stage is different from the previous stage of the
sensorimotor period, as it appears to be accompanied by feelings of pleasure and involves
coordinated behavior centered around the infant’s body to achieve the desired result.
Following this stage is the secondary circular reactions that are proposed to occur around
4 to 8 months of age. During this stage, the infant becomes more interested and
engaging with their external environment and in the manipulation of their environment.
During this process, the infant begins to explore ways in which their behaviors can
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produce desired outcomes in their external world. The infant’s more developed sensory
skills, primarily visual and motor skills, permits this exploration and further helps
develop more organized schemes of their environment. By the time the infant is 8 to 12
months of age, he/she progresses to the coordination of secondary schemes stage of the
sensorimotor period. In this period, the infant develops instrumental and goal behaviors
based on their schemes, to identify a desired goal and to develop a means for achieving
the desired goal. Between 12 and 18 months of age, the infant transitions to the tertiary
circular reactions phase. In this phase the infant engages in trial-and-error exploration to
discover multiple means by which a desired outcome can be achieved. Finally, the last
stage of the sensorimotor period is marked by the further exploration and discovery of
problem solving strategies to achieve desired outcomes and the beginning of their
utilization of mental symbols. This stage occurs while the infant is 18 to 24 months of
age. Prior to transitioning to the next stage of cognitive development in Piaget’s theory,
the infant has developed a sense of object permanence, which is the idea that an object
continues to exist whether it is within one’s visual field or not (Miller, 2002).
Once the infant completes the developmental milestones expected in the
sensorimotor stage, according to Piaget’s theory, he/she then transitions to the
preoperational period, often beginning by age 2 years until 7 years. The infant in this
stage begins to further develop their semiotic function or the ability to utilize mental
representations using both symbols and signs. This ability is further aided by language
function, as it can be used as a tool to express their thoughts. This period is also
characterized by the child’s egocentrism or tendency to understand the world in terms of
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the self, centration of objects or events, semi-logical reasoning or loose relationships
between concepts, and limited social cognition (Miller, 2002).
The next stage of cognitive development in this theory is labeled the concrete
operational period, which is expected to occur in children of ages 7 to 11 years old. In
this period the child develops more stable, complete, and differentiated concepts and
finds greater meaning between concepts within a structure. For instance, in this stage, the
child develops a concept of conservation, mathematical concepts, as well as temporalspatial representations. In addition, in this period the child’s thoughts are no longer
centered in terms of the self; their thoughts are more dynamic and reversible.
Piaget’s final stage of cognitive development is the formal operational stage,
which is expected to begin from 11 years old to 15 years old. This stage is characterized
by a systematic approach to problem solving and deductive reasoning and thought.
Further, adolescents in this stage have developed greater abstract ideas and
conceptualizations that allows for unified integration of the learned concepts.
Piaget also emphasized several mechanisms by which cognitive development
occurs within each stage. According to Piaget, a process of cognitive adaptation occurs
during development, which allows individuals to integrate themselves into their
environment. Adaptation is characterized by two processes, assimilation and
accommodation. Assimilation is the process by which reality is fit into one’s current
cognitive organization. Accommodation is a process by which adjustments are made to
existing cognitive organizations to adapt to the demands of the environment. Piaget
explained that cognitive equilibrium, which is a state of balance between the environment
and the cognitive elements of oneself, is essential in cognitive development.
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Neo-Piagetian Theories
Piaget himself began to de-emphasize the discrete stages of cognitive
development in his later years and focused more on the concept of cognitive equilibrium
and mechanisms of cognitive change (Miller, 2002). Neo-Piagetians further expanded on
Piaget’s theories by adopting the fundamental principles of his theory and introducing
other processes that contribute to cognitive development. Specifically, Neo-Piagetians
adopted Piaget’s principle that lower-level concepts are integrated to form higher-level
concepts within their theories. Robbie Case, a Neo-Piagetian theorist, adopted this
fundamental principle and further introduced the concept of increased capacities for
working memory or executive processing space. Case argued that both practice of
working memory skills to make the process more automatic and brain maturation
contribute to the development of working memory abilities in children (Miller, 2002).
Kurt Fischer, another important Neo-Piagetian, made additional contributions to the field
of cognitive development. Fischer highlighted the importance of a child’s social-cultural
context, by explaining that contextual supports can aid in the process of cognitive
development and help the child reach their optimal level. This notion is similar to
Vygotsky’s model of cognitive development to be discussed further. Of note, there are
some arguments against Piaget’s earlier conceptualization of child perceptual
development and progression of development (Carey & Gelman, 1991).

Information-Processing Theory
Information-processing theorists are interested in understanding what individuals
do with the information they receive and characterize developmental levels by the
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relationship between input-output that the individual receives (Miller, 2002). This theory
hypothesizes that children process information through sensory registers, a short-term
store, and a long-term store. In addition, information-processing theorists emphasize the
process of self-modification, which is the trial-and-error process by which children select
routes they discover are most promising for achieving desired outcomes (Miller, 2002).

Vygotsky’s Model of Cognitive Development
Lev Semyonovich Vygotsky’s theory of cognitive development emphasized the
sociocultural context of the developing child (Miller, 2002). Specifically, Vygotsky
proposed that children are embedded within a social context that shapes their experiences
and that also affect their cultures. This theory was different from other theories that
emphasize the importance of the child within a given context, because of its unique view
of the interaction between the child and context as a unified whole (Miller, 2002).
Perhaps one of the most important constructs that developed out of his theory was the
zone of proximal development. According to Vygotsky, zone of proximal development
is defined as the child’s actual developmental level and the potential developmental level
they can achieve with an adult’s guidance or scaffolding (Vygotsky, 1978). Vygotsky’s
explanation for the mechanism by which scaffolding aids in the process of cognitive
development was that this external interaction becomes internalized in the child, thereby
causing a movement from the intermental to the intramental (Vygotsky, 1978; Miller,
2002). According to Vygotsky, during this movement, the intermental processes are
transformed when the child internalizes the interaction. The primary difference between
Piaget’s theory of cognitive development and Vygotsky’s was that while both

21

emphasized the importance of the interaction between the child and his/her environment,
Vygotsky was more concerned with the internalization of the social interactions and
Piaget was more concerned with the internalization of motor actions on physical objects
(Miller, 2002).
The zone of proximal development and scaffolding can facilitate in normal
cognitive development in many ways. For instance, in a relationship between a mother
and her child, the mother can provide opportunities for the child to build on their current
skills and develop new skills through the structuring of the child’s behavior and creating
an environment that will facilitate cognitive growth (Miller, 2002). Rogoff (1990)
contributed to Vygotsky’s zone of proximal development theory, by adding that explicit
instructions are not necessary in a relationship between a caregiver and his/her child.
Rather, the process facilitates cognitive development through modeling and observation
as well, even if no specific intent for teaching was present. This process can be explained
as guided participation (Rogoff, 1990), in which collaborative interactions facilitates a
developing child to adapt to new situations, thereby developing new skills. A caregiver
can adjust the degree of support offered to a developing child depending on the nature of
the task, difficulty of the task, and the child’s own individual needs (Miller, 2002).
Additionally, the learning within this zone occurs partly through intersubjectivity, which
is a shared understanding and mutual goal between a child and a caregiver (Miller, 2002).
On a larger scale, culture can also play a significant role in scaffolding, by
increased exposure to activities, events, and traditions that may potentially play an
integral role in the child’s world views (Rogoff, 1990). Simple observations of
traditional and cultural elements, without explicit instructions, further contribute to a
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developing child’s concept and understanding of that given culture (Rogoff, 1990). Other
opportunities for scaffolding in a child’s environment can include activities such as play,
work, and school studies to name a few (Griffin & Cole, 1984).
Another important concept in Vygotsky’s theory of development was that there
are psychological tools that contribute to cognitive development (Vygotsky, 1981). For
instance, Vygotsky proposed that learning strategies, language systems, art, to name a
few, are tools that aid in cognition and abstract thinking.
In summary, the discussed theories of cognitive development were important and
influential contributions to the field of developmental psychology. Piaget’s stage-theory
of cognitive development emphasized the process by which the developing child
progressively interacts with and explores his/her social environment. Neo-Piagetian
theorists and Vygotsky emphasized the importance of understanding the developing child
within a social context that contributes to the optimal level of functioning for the child.
The Information-Processing theory is similar to these theories; however, it further focuses
on the process of self-modification by manipulation of the surrounding environment to
becoming efficient with processing information or input. While understanding the
observable neurobehavioral changes that a developing child undergoes in the process of
cognitive development is important, it is equally important to understand the neural
changes and brain maturation that is accompanied by these changes (Epstein, 2001).
These underlying changes help to further explain the normal progression of cognitive
development in humans.
Among children who experience a traumatic brain injury, these normal maturation
and cognitive developmental processes are interrupted. While there are several studies
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that have examined the different developmental and neurological consequences of
pediatric TBI, few have examined these consequences as it relates to a child’s social
functioning. Specifically, there are several neuropsychological deficits that result from
pediatric TBI that can not only impact cognitive functioning and development, but also
likely have a significant impact on a developing child’s social, emotional, and behavioral
functioning. Further, these consequences likely play a significant role in altering a
child’s zone of proximal development, through caregiver as well as child factors that are
likely impacted by pediatric TBI. These hypotheses and constructs will be explored
further in detail.

Effects of Brain Trauma on Cognitive Development
A traumatic brain injury interrupts the normal progression of an infant’s and
child’s cognitive development. However, it is important to be aware that the
developmental processes interrupted lead into both neuropsychological and
social/behavioral sequelae that can have profound impacts on the child’s well-being.
These sequelae are to be discussed further in detail.

Neuropsychological Sequelae in Children with Traumatic Brain Injuries
Several studies have examined the neuropsychological sequelae found in children
both acutely after a traumatic brain injury or examined after several months post the
injury. Typically, significant impairments in intellectual functioning are found in
children who sustained severe and diffuse and/or multifocal injuries (Spreen et al., 1995).
The discussion above focused on the neural changes observed in children with traumatic
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injuries and demonstrated that the degree of neural impairments is dependent on several
factors including, but not limited to, age at time of injury, severity and type of injury, and
period of lost consciousness following the injury. Additionally, studies have found that
recovery from focal brain lesions during childhood years are more favorable compared to
recovery from an injury resulting in diffuse brain injuries (Anderson, Catroppa, Morse,
Haritou, & Rosendfeld, 2005; Ewing-Cobbs, Fletcher, Levin, Francis, Davidson, &
Miner, 1997). The neural impairments following a traumatic brain injury in children
manifests into a potential number of neurobehavioral or neuropsychological impairments
that can be detrimental to the normal development of a child. The neuropsychological
impairments following traumatic brain injuries is depending on several factors as well,
some of which are similar to the predictors of neural impairments. For instance, studies
have demonstrated the severity of the injury (Brown, Chadwick, Shaffer, Rutter, &
Traub, 1981), type of injury, premorbid cognitive and learning functioning, family
function, and rehabilitation services (Tompkins, Holland, Ratcliffe, Costello, Leahy,
Cowell, 1990) are other predictive variables for outcomes following brain injuries in
children.

Cognitive Functioning Following Traumatic Brain Injuries
Early studies have demonstrated intellectual functioning between the low average
to borderline range following injuries that resulted in the child being in a coma for a
period of time (Levin & Eisenberg, 1979; Brink et al., 1970). Brink et al. (1970) also
demonstrated more severe impairments on measures of intellectual functioning among
children who were between the ages of 2 to 8 years. Generally, findings also suggest that
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improvements have also been noted on measures of intellectual functioning for up to five
years after the date of injury in children who had mild to moderate severity head injuries
(Spreen et al., 1995). Closer examination of performance on measures of intellectual
functioning suggests that children with traumatic brain injuries demonstrated
significantly weaker performance on the Performance portions of intellectual measures,
likely due to impairments in their motor functioning, which impacts their performance on
these measures (Spreen et al., 1995). Specifically, impairments in psychomotor
functioning are commonly observed in children following traumatic brain injuries
(Spreen et al., 1995), which can impact their performance on tests that require the use of
these skills.
A more recent study (Anderson, Catroppa, Morse, Haritou, & Rosenfeld, 2005)
examined the relationship between injury severity, age at injury, and recovery following
the injury in a pediatric population, to determine if there is greater support for plasticity
models in children or for opposing arguments. Plasticity models argue that fewer
neuropsychological deficits and fewer structural damage results from injuries among
younger children because of the more pliable brain features in younger children and
compensatory process that can occur when an injury occurs at a younger age (Anderson
et al., 2005). However, Anderson et al. (2005) point out that this model is not necessarily
supported when the brain damage is more diffuse, causing greater damage to the tissues
and fewer opportunities for compensatory mechanisms (Anderson, Smibert, Godber, &
Ekert, 2000; Ewing-Cobbs, Miner, Fletcher, & Levin, 1989). Opposing arguments to the
plasticity model dispute that there is evidence that damage that occurs during early
childhood years cause significant disruptions to normal development and because
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younger children have had little opportunity to solidify and consolidate their
developmental skills, greater impairments are likely following injury in this population of
children (Anderson, Catroppa, Morse, Haritou, & Rosenfield, 2000). In their study,
Anderson et al. (2005) examined one hundred twenty-two children with a TBI that
occurred between the ages of 3 years 0 months and 12 years 11 months, as well another
third group of participants that consisted of infants with TBIs that occurred before age
three. The pre-injury abilities of these children were measured using an adaptive
behavior scale filled out by the parents and the post-injury abilities were measured using
age-appropriate cognitive scales. The results of their study overall did not support
plasticity models. Specifically, this study revealed that infants were more likely to have a
coma following moderate or severe head injuries compared to the older children.
Additionally, among infants with moderate and severe TBIs, acute assessments revealed
global intellectual quotients that were within normal limits. However, during follow up
assessments (i.e. 30 months pos-injury) this recovery was not sustained and infants with
moderate or severe TBIs demonstrated decreased performances compared to initial acute
assessments. However, among infants with mild TBIs, there was a decrease in cognitive
functioning between pre-injury estimates based on the adaptive behavior scales
completed by parents and acute post-injury assessments of cognitive functioning.
Additionally, this study revealed that among children between the ages of 3 years to 12
years 11 months who had a mild TBI after age 3, the mean cognitive performance postinjury was still within normal limits, suggesting minimal effects on overall function.
Similarly, among children in this age group with moderate TBIs, although slightly lower
performance was observed on measures of cognitive functioning, their performance still
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fell within normal limits and during the first 12 months post a mild or moderate TBI,
small gains following the injury were demonstrated. However, from 12 to 30 months
post-injury no significant gains were noted and the trajectories were stable. Further,
findings from this study demonstrated that children who had severe TBIs after age three
were more likely to perform in the low average range on cognitive measures following
their injury; however, performances were associated with age at the time of injury.
Children who had a severe TBI sometime between the age of eight and twelve years old,
demonstrated clinically significant improvements in their performance during the initial
12 months post-injury; however, less improvements 12 to 30 months post-injury. Among
children who had a severe TBI between the ages of 3 years and 7 years, fewer clinically
significant improvements were observed from acute to 30 months assessments.
Closer examination of performance on verbal and nonverbal measures of
cognitive functioning in this study, revealed that regardless of the age at the time of
injury, perceptual and processing speed subtests from the cognitive measures were
impaired acutely after a severe TBI; however, significant improvements were
demonstrated during the 30 month assessment post-injury. On verbal measures from the
cognitive test, a significant impairment was noted compared to pre-injury functioning and
no significant improvements during follow-up assessments were observed. These results
demonstrated that in this sample of children with TBIs, verbal skills were impacted by
the injury.
Therefore, the findings from this study did not support the plasticity model as it
demonstrated that TBI in the earlier years of life are detrimental to ongoing development
and can cause greater impairments post-injury compared to the older children who had
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sustained TBIs. Further, the study revealed decreased performance on cognitive
measures post-injury compared to cognitive functioning pre-injury on both verbal and
nonverbal skills. However, the limitations from this study are that pre-injury measures of
cognitive functioning were not based on objective measures, as they were for the postinjury cognitive measure. Specifically, the pre-injury cognitive functioning in this study
was based on parent report measures of the child’s adaptive behavior skills in different
domains, including communication, daily living skills, social skills and gross and fine
motor skills and not on an objective measure of cognitive performance. Therefore,
comparisons pre- and post- injury may be not be completely accurate and it is difficult to
determine if the deficits observed post-injury were truly from the injury or if they were
present prior to the injury itself.
Another study examined the cognitive functioning and academic achievement
more than five years post-injury in children with a history of moderate to severe TBI
(either inflicted or non-inflicted TBIs) before the age of 6 years (Ewing-Cobbs, Prasad,
Kramer, Cox, Baumgartner, Fletcher, Mendez, Barnes, Zhang, & Swank, 2006). In this
study, the children were evaluated at 2, 12, and 24 months post-injury and their
performance on measures was compared to a community comparison group. The
participants were again re-evaluated at an average of 5.7 years post-injury for the long
term consequences. This study also collected data on the family environment, using a
measure that assessed access to financial, physical, and social resources within the
family. Additionally, a family stress measure was utilized in this study. The results of
this study revealed no significant differences between cognitive and academic
achievement performances between the inflicted and non-inflicted TBI group. The
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overall TBI group relative to the comparison group performed significantly lower on the
cognitive measure. Specifically, on the measures of visual-spatial reasoning,
phonological short-term memory, and oral definitions of word meanings, the children
with a history of TBI performed significant lower compared to the comparison group.
However, on a measure of storage of information in visual short-term memory, the two
groups performed comparably. On the long-term follow up to examine degree of
recovery, results revealed neither an acceleration nor deceleration in the rate of change on
measures of IQ over the first three to seven years post-injury. The authors reported that
this finding suggests no evidence for catch-up growth, even despite receiving therapeutic
interventions. Similarly, on measures of academic achievement, the TBI group
demonstrated weaker performance relative to the comparison groups. The weaker
performance was found on most academic subtests, including measures of word
decoding, reading fluency, comprehension, mathematical calculation, mathematical
reasoning, and speed of retrieval of mathematical facts. The other variables in the study,
family stress and family environment, did not predict cognitive and academic
performance in this study. The results of this study suggest that children with diffuse or
multifocal brain injuries before the age of six, have greater impairments on cognitive
functions as well as on academic performance, despite therapeutic interventions received
post-injury.
Another study examined neurobehavioral, academic, and other functions in
slightly older children (between the ages of 6 and 15 years old) with a sustained TBI over
a three year period (Jaffe, Polissar, Fay, & Liao, 1995). This sample of children were
compared to a control sample of children matched for their age, gender, school grade, and

30

classroom teacher’s assessment of premorbid behavior as well as academic performance
in the areas of reading and arithmetic. The results of this study indicated the presence of
long term neurobehavioral consequences from TBI in children. Although results
indicated that among the moderately and severely injured groups there were some
improvements similar to those in the mild group within the first year post-injury,
recovery was slow following this initial year. Specifically, children with moderate to
severe injuries demonstrated significant neurocognitive deficits compared to the control
sample at three years post-injury. The rate of new learning substantially decreased after
the initial year following the injury, demonstrating what the authors called a “plateauing”
effect (Jaffe et al., 1995). On the other hand, on measures of adaptive living skills or
what the authors termed “real world” living skills (Jaffe et al., 1995), the same pattern of
deficits at long term follow up were not found. Specifically, the results indicated that at
one and three years post injury none of the groups of children with head injuries
demonstrated significant impairments in adaptive living skills. Additionally, in terms of
behavior, social and educational performance ratings from the teachers and parents of
these children, significant impairments were found across the three years post injury in
the children with head injuries, specifically for behavioral issues.

Other Neuropsychological Functions Post Traumatic Brain Injury
Attention
Studies that have examined attention skills among children with a history of
traumatic brain injuries have revealed significant impairments in this area. Specifically,
studies have demonstrated significantly higher levels of commission errors on sustained
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attention tasks elevated ratings on measures of hyperactivity (Timmermans &
Christensen, 1991), and impaired divided attention and response inhibition (Anderson,
Fenwick, Manly et al., 1998). However, performance on focused attention appears to be
intact following the brain injuries (Anderson et al., 1998).
A recent study also investigated the acute and long term neuropsychological
outcomes in children with serious TBI that occurred during childhood or adolescence
(Jonsson, Horneman, & Emanuelson, 2004). Evaluations were conducted within one
year post-injury, about seven years post injury and then again at about fourteen years post
injury. This study examined several neuropsychological domains, including attention.
On measures of attention, performance was low during the second and third follow-up
assessments and demonstrated stable performance over time.

Executive function
Studies have examined the effect of traumatic brain injuries on neurobehavioral
responses that characterize personality and behavior, or more specifically, executive
functions. Executive functions are defined as the cognitive processes underlying higherorder tasks such as complex, novel and goal-directed actions (Anderson, 2002; Anderson,
1998). For instance, evidence suggests that psychiatric disorders are more prevalent
among children with cerebral pathology compared to children with physical handicaps
that did not also include a cerebral pathology (Brown, Chadwick, Shaffer, Rutter, &
Traub, 1981; Seidel, Chadwick, & Rutter, 1975). Similarly, evidence also suggests that
adaptive and social functioning is significantly impaired in individuals with multifocal
bilateral lesions (Eide & Tysnes, 1992). More specific executive dysfunction includes
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lack of flexibility when switching between cognitive strategies, particularly among TBIchildren of a younger age at injury compared to children of an older age (Slomine,
Gerring, Marco et al., 2002). A recent study examined the long-term outcomes of TBI in
children that had the injury between the ages of one and seven years old, as it relates to
executive functioning (Nadebaum, Anderson, Catroppa, 2007). Children with TBI in this
study were administered several measures to assess their executive function skills and
other relevant measures five years post-injury. The injury measures included a measure
of their level of consciousness, a medical questionnaire, and MRI/CT scan readings. An
assessment of their executive function skills included a measure of their attentional
control, cognitive flexibility, goal setting, information processing, and behavioral
outcome. Functional outcome measures completed by caregivers or collected from the
caregivers included an epidemiological questionnaire, a measure of the child’s adaptive
skills in communication, daily living, social skills and motor skills, and a measure of
family functioning. Outcome measures were compared to a group of uninjured children
to determine if significant differences in executive functions result in children with a
history of TBI before the age of seven. The results of this study revealed significant
executive dysfunction among children with a history of severe TBI; however, the results
did not indicate significant executive difficulties among children with mild or moderate
TBIs. Specific aspects of executive functioning on the objective measures that appeared
to be the most impacted by a history of severe TBI were cognitive flexibility, goal setting
or organization and reasoning abilities, and information processing. On caregiver ratings
of the child’s executive function skills, including behavioral regulation and metacognitive
processes, children with a severe TBI were reported to have greater problems with
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attention, lack of initiation, and difficulties adapting and transitioning to new situations.
Commensurate to their performance on objective measures of executive functions,
caregivers of children with mild or moderate TBIs did not report significant concerns on
their ratings for executive function skills. More specific analysis of the predictors of
executive functioning outcomes revealed that injury, child, and family-related variables
were all significant predictors of executive outcomes. Injury severity, measured by
consciousness level was the strongest predictor of these outcomes, frontal pathology was
a strong predictor of cognitive measures not for behavioral symptoms, and gender was a
significant predictor of information processing with boys demonstrating lower processing
speed. With regard to family functioning or family-related variables, overall better
family functioning was associated with better executive function outcomes in children
with TBIs on both objective and informal measures of executive functions.
Additionally, a more specific aspect of executive functioning that children with a
TBI have difficulties with includes social-behavioral regulation and functioning. Many
postulate that these impairments in social-behavioral functioning may be related to the
more cognitive deficits often associated with TBIs (Hanten, Wilde, Vasquez, Swank,
Hunger, Lane, Chu, Ramos, Yallampalli, Chapman, Gamino, & Levin, 2008). Studies
have demonstrated that post-injury functioning in children with a TBI can often be
associated with impairments in social-behavioral regulation (Dennis, Guger, Roncadin,
Barnes & Schachar, 2001) along with impairments in other areas such as psychosocial
adjustment (Cattelani, Lombardi, Brianti, & Mazzucchi, 1998; Ganesalingam, Sanson,
Anderson, & Yeates, 2007) and social competence (Yeates, Bigler, Dennis, Gerhardt,
Rubin, Stancin, et al., 2007). A recent study examined social problem solving in children
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with a TBI using a measure of their ability to solve interpersonal conflicts in hypothetical
situations (Hanten et al., 2008). This study further examined to what degree cognitive
deficits often associated with social problem solving, contribute to or account for the
potential impairments found. The performance of the children with TBIs was compared
to children with orthopedic injuries in this study. The results of this study indicated that
compared to children with orthopedic injuries, children with a history of TBI performed
lower on social problem-solving skills both acutely after the injury and through the first
year post-injury. A second goal of this study was to examine whether cognitive variables
impact performance on social-problem solving tasks. Specifically, the authors measured
member, interference/inhibition, language, speed of cognitive processing, emotional
recognition, and adaptive behavioral functioning to determine if these variables
contributed to the participant’s performance on the social problem solving task. Results
revealed that the memory and language variables had the strongest association with the
social problem solving task performances. Specifically, while children with orthopedic
injuries demonstrated a strong and consistent relationship between memory and language
measures and social problem solving, children with a history of TBI were much less
consistent in these associations. These findings overall, did not support that underlying
executive dysfunction or cognitive processes may be impacting social-behavioral
functioning in children with TBIs (Hanten et al., 2008). A third and final aspect of this
study was to examine the neural correlates of social problem solving in children with
TBIs three months post injury. Findings from this analysis did not reveal any significant
associations between the total number and volume of lesions in children with TBIs and
their performance on the social problem solving task.
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Language
Pediatric TBI can sometimes results in language pathologies (Spreen et al., 1995).
Among infants with perinatal focal injuries, there are delays with babbling and first-word
acquisition, language comprehension (Marchman, Miller, & Bates, 1991), and object
naming difficulties (Dennis, 1992). Further, among children who had a severe TBI
sustained at a younger age, difficulties with word fluency have also been found compared
to children with a TBI sustained at an older age (Levin, Song, Ewing-Cobbs et al., 2001),
because of the relative immaturity of this skill until about the age of twelve (Welsh,
Pennington, & Groisser, 1991). Other language difficulties included expressive and
receptive language skill difficulties among children with a history of severe TBI
(Anderson, Catroppa, & Morse, et al., 2000). In the study mentioned earlier, Jonsson et
al. (2004) found that verbal comprehension skills in children with serious TBIs remained
relatively constant between the initial assessment at one year post-injury and the third
assessment at 14 years post-injury. Similarly, findings also suggest that children with
closed head injuries, even with severe injuries, had relatively intact language skills
regardless of the age at injury three months post-injury (Chapman & McKinnon, 2000).

Visuoperceptual Skills
Studies that have examined visuoperceptual skills in children with head injuries
have demonstrated difficulties with spontaneous grouping of blocks among children
between the ages of 3 to 5 years old (Stiles & Nass, 1991), orienting strategies (Lehnung,
Leplow, Herzog, et al., 2001), and cognitive mapping skills (Lehnung, Leplow, Ekroll, et
al., 2003).
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Memory
Children with TBI have demonstrated difficulties on measures of memory,
primarily acutely after the injury and for up to one year post-injury (Catroppa &
Anderson, 2003). In terms of the type of memory information most impacted by TBI in
children, studies have demonstrated that procedural memory remains intact in children
with moderate or severe TBI (Jonsson et al., 2004). Jonsson et al. (2004) found no
specific trends across the three assessment periods (between one and 14 years postinjury) on measures of verbal memory in their study.
Lowther & Mayfield (2004) also examined memory function in children with
TBIs between the ages of 5 and 19 years old; this data was collected based on previously
administered neuropsychological evaluations among the patients shortly after their injury.
Performances on measures of memory among children with TBIs were compared to a
control sample of children with no injuries. The study examined verbal and nonverbal
memory skills. Results indicated that children with TBIs performed significantly weaker
than children without a TBI on measures of memory function. Specifically, children with
TBIs had significantly lower scores on immediate recall of verbal and nonverbal
information and delayed recall of verbal information. The same impairment was not
observed in the TBI pediatric sample when asked to recall visual information after a
delay, suggesting potential benefits of time to process and encode the presented visual
information (Lowther & Mayfield, 2004). Interestingly, no significant differences were
found between moderate and severe TBI pediatric groups on their performance for
memory functions.
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Social Sequelae of Traumatic Brain Injury in Children
In addition to the examination of cognitive sequelae resulting from pediatric TBI,
some studies have also measured the adaptive, social-emotion, behavioral, and
psychiatric consequences. It is important to examine these consequences in addition to
the cognitive sequelae, as impairments in these areas can adversely affect the child’s
familial relationships (Rivara, Jaffe, Polissar, Fay, Liao, & Martin, 1996) and other
interpersonal relationships.
Empirical studies that have examined adaptive functioning skills in children who
have a history of TBI have demonstrated significant impairments (Barry, Taylor, Klein,
& Yeates, 1996; Max, Koele, Lindgren, Robin, Smith, Sato, & Arndt, 1998). Further,
there appears to be a significant relationship between post-injury adaptive functioning
and post-injury family functioning (Taylor, Drotar, Wade, Yeates, Stancin, & Klein,
1995). Max, et al. (1998) demonstrated in their study that significant impairments in
adaptive functioning was not due to variables such as age at time of injury or assessment,
gender, race, socioeconomic class, or injury-to-assessment duration. However, other
variables that did significantly contribute to the variance of child adaptive functioning
outcome were family dysfunction, current psychiatric disorder in the child, and IQ
deficits. Interestingly, findings did not reveal significant differences in the level of
impairment between the mild TBI control group and the severe TBI or orthopedic group
(Max, et al., 1998). Further, Max, et al. (1998) posited the likelihood that severe TBI in
children compromises neuronal pathways responsible for important skills such as
regulating emotions and behaviors and problem-solving skills, which ultimately may lead
to psychiatric disorders and other symptoms of psychopathology, in addition to adaptive
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functioning deficits. It appears that family functioning may potentially play a significant
role in either buffering or amplifying these deficits (Yeates, Taylor, Drotar, Wade, Klein,
Stancin, et al., 1997).
Other studies have examined the psychosocial consequences of pediatric TBI.
These studies suggest that younger children with TBI are particularly at risk for
experiencing social isolation (Butler, Rourke, Fuerst, & Fisk, 1997). Further, there is
evidence suggesting mild TBI pediatric patients also experience problems with
concentration and personality changes (Hawley, Ward, Magnay, & Long, 2002). Max,
Koele, Smith, Sato, Lindgren, Robine, & Arndt (1998) also found personality changes
that were reported in children with TBI. Specifically, among the severely injured
participants, 49% were classified as the labile subtype, 38% the aggressive/disinhibited
subtype, 14% the apathy subtype, and 5% the paranoid subtype. Max et al. (1998) also
found that parents were more likely to endorse significant internalizing symptoms and
teachers were more likely to endorse significant externalizing behaviors among children
with TBI. There appears to be significant symptoms among infants after a TBI as well,
that are potentially suggestive of their social-emotional functioning, such as behavioral
changes, seizures, vomiting, depressed mental status, and irritability (Greenes &
Schutzman, 1999).
In summary, there are few studies that have specifically examined the child’s own
social and behavioral consequences of a TBI. Studies that have investigated these
consequences demonstrate significant deficits in adaptive, psychosocial, and behavioral
functioning and even suggest potential personality changes that can result. These deficits
and changes can significantly impact a child’s experiences with the social world.
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Developmental Plasticity
While a traumatic brain injury can have significant consequences in a child’s
normal developmental progression, there are many opposing arguments that either
support or are against models of plasticity following traumatic brain injuries in children.
Plasticity can be defined as the capacity of the brain to adjust to the damages it acquires
(Stein, Brailowsky, & Will, 1995). There are often many factors that are associated with
plasticity such as severity of the brain injury, size and location of the brain lesions,
maturational stage of the brain system, and integrity of neuronal circuits around the
lesions at the time of injury (Chapman & McKinnon, 2000). However, from a cognitive
perspective, there are two sides on models of plasticity. Specifically, proponents of the
model argue that recovery and prognosis following pediatric brain trauma is better when
the injury is acquired in the earlier years than when it occurs during the later years in
childhood (Chapman & McKinnon, 2000). However, the opposing argument is that
plasticity cannot occur when the injury was acquired in the earlier childhood years, as
this is the period of time when cognitive abilities are less consolidated and less skilled,
which implies that neural connections are not yet mature enough (Chapman &
McKinnon, 2000). Chapman & McKinnon provide support for the latter argument by
pointing out that findings suggest that although children with frontal lobe damage
demonstrate significant weakness on measures of working memory dual tasks compared
to control participants, when children with the brain lesions were asked to perform the
tasks separately, their performance was within normal limits (McKinnon, 1999). It is
argued that the results were because children in the study had not yet acquired dual task
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working memory skills; however, they had become skilled with working memory skills
in verbal and spatial processing separately (Chapman & McKinnon, 2000).
Other relevant variables that are often considered in plasticity models include age
and lesion focus, time since injury, and other exogenous and endogenous factors
(Chapman & McKinnon, 2000). Studies have found that frontal lobe injuries were more
often associated with cognitive-linguistic deficits in children who were older and had
brain injuries compared to younger children with brain injuries (Chapman, Culhane,
Levin, Harward, Medelsohn, Ewing-Cobbs, Fletcher, & Bruce, 1992). A possible
explanation for this may be that children with early frontal injuries may actually grow
into their lesions, causing a greater impact among children who are older and acquire
frontal lobe injuries (Chapman & McKinnon, 2000). However, an opposing argument for
this finding may be that children who are younger have not yet had opportunities to
demonstrate specific deficits often associated with frontal lobe functions (Chapman &
McKinnon, 2000). As mentioned earlier, time since onset is another potential factor that
may contribute to neural and functional plasticity. Specifically, studies have
demonstrated that while at three months post-injury, children with closed head injuries
may demonstrate language skills that are intact, later language and communication
impairments may be revealed three years or more post-injury (Chapman et al., 1998,
1999). Chapman & McKinnon (2000) argue that it is dangerous to make assumptions
about a child’s developmental functioning acutely after a head injury, as these outcomes
may change over time as a greater demand for such functional skills also increases. The
exogenous factors that can also be related to plasticity are factors such as family
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emotional and physical support, extensive social networks, and access to stimulating
personal activities (Chapman & McKinnon, 2000).
Since family factors can potentially serve as important for the process of recovery
in children with traumatic brain injuries, a closer examination of these factors will be
discussed. A recent study examined the relationships between health-related quality of
life (HRQOL) and the severity of injury, while controlling for premorbid, socioeconomic,
and family characteristics (McCarthy, MacKenzie, Durbin, Aitken, Jaffe, Paidas,
Slomine, Dorsch, Christensen, & Ding, 2006). Interestingly, this study revealed better
pre-injury family functioning among children with moderate and severe TBI than
children with mild TBI. Also, the study revealed several family characteristics that were
related to health-related quality of life among children with TBI. Specifically, singleparent households were associated with significantly lower health-related quality of life
than those children who lived in two-parent households. Additionally, unhealthy family
functioning was significantly associated with lower scores on the measure of healthrelated quality of life in children with TBI.
In summary, there are many factors or variables that either support or argue
against the plasticity models for recovery in pediatric TBI. The ultimate goal for this
population should be to help them reach their optimal potential by means of necessary
interventions, continued monitoring and follow-up post-injury. Since studies have found
that deficits many not necessarily be noticeable immediately following a TBI in children,
this should not necessarily preclude the child from receiving interventions or preventive
services that will ensure they will follow a normal developmental trajectory. As
discussed, to accomplish this goal, follow-up evaluations are necessary to monitor not
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only progress but also potential regressions in the child’s neurobehavioral functioning, as
these can significantly impact not only their academic and behavioral functioning, but
can also impact their social and emotional functioning.

Predictors of Outcome in Pediatric TBI
Clinical Variables as Predictors of Outcome in Pediatric TBI
It is important to examine clinical variables that may play a significant role in the
short and long term outcomes among children and adolescents with TBI. Particularly
because studies have found highly variable findings on the neurocognitive outcomes seen
in this population (Babikian & Asarnow, 2009), it is likely that the clinical variables
among the studied groups is partially the source for this variability in the findings.
Specifically, variables such as heterogeneity of the injury itself and the influence of other
social and developmental processes of the individual child with a TBI, contributes to such
variability in findings (Babikian & Asarnow, 2009). As such, examination of potential
clinical variables that may contribute to neurobehavioral outcomes, is important in the
study of pediatric TBI. Among the most commonly studied clinical variables that may
contribute to the neurobehavioral and neurocognitive outcomes are age at time of injury,
duration of time since the injury, severity of injury, EEG findings and presence of nonreactive pupils (Babikian & Asarnow, 2009; Massagli, Jaffe, Fay, Polissar, Liao, &
Rivara, 1996; Pfenninger & Santi, 2002; Anderson, Catroppa, Dudgeon, Morse, Haritou,
& Rosenfeld, 2006). Other clinical variables that are relevant particularly for defining
the parameters of injury severity include the presence or duration of impaired
consciousness and posttraumatic amnesia (Babikian & Asarnow, 2009).
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Age at Time of Injury
While there are opposing arguments that either support or are against models of
plasticity after traumatic brain injuries in children, there are several studies have suggest
despite developmental plasticity, the trajectory of recovery among young children who
sustained a TBI is poor (Anderson & Moore, 1995; Anderson, Morse, Catroppa, Haritou,
& Rosenfeld, 2004). Plasticity can be defined as the capacity of the brain to adjust to the
damages it acquires (Stein, Brailowsky, & Will, 1995). However, there are many
different variables to consider for developmental plasticity, including the maturational
stage of the brain system and the integrity of the neuronal circuits around the lesions at
the time of the injury (Chapman & McKinnon, 2000). Proponents of the plasticity model
as it pertains to positive outcomes and faster recovery, argue that prognosis following
pediatric brain trauma is better when the injury is acquired in the earlier years than when
it occurs in the later years in childhood (Chapman & McKinnon, 2000). However,
opposing arguments posit that plasticity cannot occur when the injury was acquired in the
earlier childhood years, as this is the period of time when cognitive abilities are less
consolidated and less skilled, which implies that neural connections are not yet mature
enough (Chapman & McKinnon, 2000). Chapman & McKinnon provide support for the
latter argument by pointing out that findings suggest that although children with frontal
lobe damage demonstrate significant weakness on measures of working memory dual
tasks compared to control participants, when children with brain lesions were asked to
perform the task separately, their performance was within normal limits (McKinnon,
1999). It was argued that these results were observed because children in the study had
not yet acquired dual task working memory skills; however, they had become skilled with
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working memory skills in verbal and spatial processing separately (Chapman &
McKinnon, 2000).
Further, studies have found that frontal lobe injuries were more often associated
with cognitive-linguistic deficits in children who were older and had brain injuries
compared to younger children with brain injuries (Chapman, Culhane, Levin, Harward,
Medelsohn, Ewing-Cobbs, Fletcher, & Bruce, 1992). A possible explanation for this may
be that children with early frontal injuries may actually grow into their lesions, causing a
greater impact among children who are older and acquire frontal lobe injuries (Chapman
& McKinnon, 2000). However, an opposing argument for this finding may be that
children who are younger have not yet had opportunities to demonstrate specific deficits
often associated with frontal lobe functions (Chapman & McKinnon, 2000).
The previously discussed studies specifically examined age at time of injury as a
predictor of executive dysfunctions due to frontal lobe injuries. However, it is also
important to examine age at time of injury as a relevant clinical variable when studying
outcomes among pediatric TBI participants, for the role it can play in the child’s
developmental process and growth as well as for methodological reasons. Specifically,
there are methodological differences in how neurocognitive or neurobehavioral outcomes
are measured in children, depending on their chronological age (Babikian & Asarnow,
2009). In terms of the social and developmental processes, chronological age has
important implications based on the typical age when children begin formal education
(i.e. year 6) as well as the developmental of greater functional and pragmatic language
skills as well as metacognitive skills that develop my age six years (Babikian & Asarnow,
2009).
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Overall, empirical findings suggest poorer outcomes among children who
sustained their TBI at younger ages or developmental levels (Anderson & Moore, 1995;
Anderson et al., 2004; Dennis, 2000; Pfenninger & Santi, 2002). However, there are few
studies that have examined outcomes among younger pediatric TBI participants. There
are several plausible explanations for this finding, including the role of structural factors
and that younger children have relatively larger heads supported by a smaller neck, which
places that at greater risk for diffuse injuries (Anderson, e al., 2006; Amacher, 1988).
Diffuse injuries have particularly detrimental consequences for younger aged children, as
this can interrupt brain development process that rapid and critical during the first five
years of life, such as neuronal myelination and the maturation of the frontal lobe
(Hudspeth & Pribram, 1990; Thatcher, 1991). Further, because the infant’s skull is
thinner and has unfused suture lines, it is more prone to factures and deformities (Shapiro
& Smith, 1993).

Duration of Time Since Injury
Limited studies have examined long term neuropsychological functioning among
pediatric TBI participants. In their study, Massagli, et al. (1996) demonstrated that
children with severe TBI, with a mean age of 10 years in their sample, demonstrated
significantly poorer performance on neuropsychological measures at both initial
evaluations as well as one year post injury. Specifically, participants demonstrated more
deficits in performance or nonverbal reasoning skills than on verbal reasoning (i.e. Verbal
IQ) measures at initial and one year post injury testing periods (Massagli et al., 1996).
However, more improvements were observed on nonverbal reasoning measures than
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verbal reasoning over time. Further, in other neuropsychological domains, including
memory, academic, motor, psychomotor, and adaptive problem solving, deficits were
observed at both initial and one year post injury time periods (Massagli et al., 1996).
However, injury severity plays a relevant role in the interpretation of these findings, as
participants with less severe TBI (i.e. initial GCS score of 6 to 8) demonstrated less
change in all domain scores from initial to one year post injury testing time periods
(Massagli et al., 1996). Of note, the less severe TBI pediatric participants demonstrated
on average, performance that was within two standard deviations of their controls
(Massagli et la., 1996).

Injury Severity: Duration of Impaired Consciousness, GCS, and PTA
As previously discussed, injury severity has important implications for the
interpretations of long term consequences and outcomes in pediatric TBI. Injury severity
can be defined using several parameters; however, typically it is defined by Glasgow
Coma Scale (GCS) scores and other clinical ratings such as presence or duration of
impaired consciousness or posttraumatic amnesia (PTA), and positive neuroimaging
findings (Babikian & Asarnow, 2009). Overall, studies have found that injury severity is
a reliable predictor variable for the degree of impairment in both physical and cognitive
functions across all age groups (Dennis, Barnes, Donnely, Wilkinson, & Humphreys,
1996; Anderson et al., 2006). Anderson, et al. (2006), similar to other authors of similar
studies, defined injury severity based on the following GCS scores (ratings range from 1
to 15): Mild TBI was defined by GCS on admission of 13 to 15, with some altered state
of consciousness and no evidence of intracranial lesion on computerized tomography
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(CT)-MRI scans, and no neurological deficits; Moderate TBI was defined with at GCS
upon admission of 9 to 12, with significantly impaired level of consciousness, reduced
responsiveness, and/or intracranial lesion or evidence of a specific injury on
neuroimaging; Severe TBI was defined as a GCS up on admission ranging from 3 to 8,
state of coma, mass lesions or evidence of specific injury on neuroimaging scans. In their
study, Anderson et al. (2006) found that injury severity, along with other variables such
as degree of perceived family burden, and pre-injury adaptive skill functions were
statistically significant predictors of outcome in pediatric TBI, accounting for
approximately 65% of the variance in the adaptive ability observed in children 30 months
post injury. Rivara, Jaffe, Fay, Polissar, Martin, Shurtleff, et al. (1993) found that the
severity of the TBI is a significant predictor of not only adaptive functions, but also social
competence and global functioning approximately one year post injury. Other studies
have defined injury severity as the number of days to reach the highest GCS score (i.e.
15) in addition to the initial GCS score as a measure of injury severity (Massagli, et al.,
1996). This study found that the worse outcomes were observed among participants who
took greater than one month to achieve a GCS score of 15 (Massagli et al., 1996).
Further, findings suggested that even one year after the PTA resolved, there were
significant deficits observed on neuropsychological measures such as, both verbal and
nonverbal reasoning skills and shifting measures (Massagli et al., 1996).
Following at TBI in children, the acute deficits may include loss of consciousness
or a coma or altered state of consciousness, leading to residual confusion and
disorientation (Spreen et al., 1995). If a coma results from the injury, the depth and
length of time of the coma affects the severity of the brain damage and ultimately the
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neurobehavioral deficits that can be caused by the brain damage (Spreen et al., 1995).
Tontisirin, Armstead, Waitayawinyu, Moore, Udomphorn, Zimmerman, Chesnut, and
Vavilala (2007) conducted a recent study to examine changes in cerebral autoregulation
over time in children 16 years old and younger, with severe TBIs. Cerebral
autoregulation is defined as a homeostatic process where cerebral blood flow (CBF) is
maintained constant over varying blood pressures (Tontisirin et al., 2007). Previous
studies conducted in children that monitored their cerebral autoregulation after a TBI
have demonstrated that about 40% of moderate and severe TBIs result in impaired
cerebral autoregulation, compared to the 17% of mild TBIs (Muizelaar, Ward,
Marmarou, Newlon, & Wachi, 1998; Sharples, Mathews, & Eyre, 1995). In their study,
Tontisirin et al. (2007) had nine children that were administered two separate cerebral
autoregulation tests. In a majority of these children, initial cerebral autoregulation exams
were impaired; however, by the second exam, their cerebral autoregulation was intact.
However, in 33% of the children who had two exams, their cerebral autoregulation
worsened between the initial and second exam. The authors suspected that cerebral
autoregulation that worsened between the first and second exam may have contributed to
an increase in TBI lesion size, based on monitoring of head CT scan images over time
after the injury. Overall, longer periods of coma are strongly associated with greater
neurobehavioral and neuropsychological impairments (Levin, Eisenberg, Wigg, &
Kobayashi, 1982; Levin & Eisenberg, 1979; Winogron, Knights, & Bawden, 1984).
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Presence of Non-Reactive Pupils, EEG, CT/MRI Results
In addition to the previously mentioned clinical variables that serve as significant
predictors of outcome in TBI, fixed or dilated pupils, EEG results, and CT/MRI
neuroimaging results are significant contributors as well (Pfenninger & Santi, 2002).
Computed tomography (CT) provides acute imaging of children with TBI and is typically
highly sensitive in detecting abnormalities that required immediate clinical attention
(Suskauer & Huisman, 2009). Studies have also examined CT findings to compared nonaccidental injuries from accidental injuries in pediatric TBI and have found that CT
finings suggestive of non-accidental injuries include a combination of chronic and acute
injury, as well as multiple acute and chronic extra-axial hematomas (Ewing-Cobbs, et al.,
1998, 2000). Despite its utility in acute settings, the use of CT imagining has limited
predictive ability with regard to long term neuropsychological outcomes (Suskauer &
Huisman, 2009). Further, some studies report greater utility of MRI findings, given its
higher sensitivity compared to CT scans for identifying diffuse axonal injuries (Gentry,
Godersky, Thompson, et al., 1998; Lee, Wintermark, Gean, et al., 2008). As such, MRI
studies have demonstrated its predictive utility in regards to neuropsychological
outcomes, such as attentional functions, and other executive functions (Power, Catroppa,
Coleman, et al., 2007; Salorio, Slomine, Gtados, et al., 2005; Slomine, Gerring, Grados,
et al., 2002).
Among the clinical variables that have been studied as predictors of outcome in
pediatric TBI patients, electrophysiology has also been examined, in conjunction with the
previously discussed clinical variables (Nenadovic, Hutchinson, Garcia Dominguez,
Otsubo, Gray, Sharma, Belkas, Perez Velazquez, 2008). This potential predictor variable
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was first examined in the 1970’s (Ommaya and Gennarelli, 1974; Bricolo, Turazzi and
Facioli, 1979) and has been also linked to the detection of diffuse axonal injury as well
(Thatcher, Walker, Gerson, & Geisler, 1989). Since these findings, there have been
recent advances in imaging techniques, particularly with the use of digital
electroencephalography (EEG), which allows for the quantification of EEG signals and
more closer examination of neurological consequences (i.e. neurophysiological changes)
of TBI (Nenadovic et al., 2008). Specifically, these advances in EEG allow for
examination of neuronal synchronization in neocortical areas that can provide insight into
the impact of the TBI (Bullock, 1997; Buchman, 2006). Particularly, studies have
revealed patterns suggestive of slowing of brain frequencies to the delta and theta ranges
(Bricolo and Turella, 1990; Shaw, 2002) following a TBI. As such, use of EEG may
provide information about changes in synaptic function and potential structural damage
following the TBI (Nenadovic et al., 2008). To further examine this variable as a
potential predictor of TBI outcomes, Nenadovic et al. (2008) studied synchrony analysis
in EEG. Specifically, an analysis of the degree of variability can provide useful
information about brain pathologies, as normal brain function appears to have a
fluctuating pattern of synchronization and desynchronization between neuronal networks
(Nenadovic et al., 2008). Nenadovic et al.’s (2008) study was able to demonstrate
preliminary findings, suggesting that synchrony analysis of EEG could potentially
provide information about focal and global brain dysfunction. More specifically, it
appears that a consistent decrease in the EEG temporal variable at delta frequency may
serve as a potential predictor of poor outcomes among TBI patients (Nenadovic et al.,
2008).
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Magnetic Resonance Spectroscopy
As previously discussed, neuroimaging techniques, such as CT/MRI imaging,
have been useful as potential predictors of outcome in pediatric TBI; however, studies
have not demonstrated sufficient sensitivity or specificity in determining long-term
neuropsychological and neurological consequences (Ashwal, Babikian, Gardner-Nichols,
Freier et al., 2006). Further, despite advances in EEG and other neuroimaging
techniques, the capability to accurately identify diffuse axonal injury in TBI is limited
and has found to be inconsistent with these methods (Ashwal, et al., 2006). Promising
MRI techniques have emerged, that demonstrate greater potential for predicting severity
and regional distribution of injury following a TBI (Ashwal et al., 2006). Specifically,
susceptibility-weighted imaging and magnetic resonance spectroscopic imaging (MRSI)
have demonstrated potential ability to assess for diffuse axonal injuries (Ashwal et al.,
2006).
Magnetic Resonance Spectroscopy (MRS) is a noninvasive imaging technique
that analyzes neurochemical and metabolite ratios in humans (Ashwal et al., 2006). The
mechanism of this imaging technique relies on signals from proton nuclei of water and its
spatial location to reconstruct anatomic images. On the other hand, proton MRS (1HMRS), which is the most widely used application of in vivo MRS in humans, detects
protons located on other neurochemicals that are present in much lower concentrations
within tissues (Ashwal et al., 2006). When 1H-MRS images are utilized, there are several
key brain metabolites that are measured, each of which resonate at particular frequencies.
These key brain metabolites include N-acetylasparate (NAA), total creatine, choline,
lactate, and glutamate (Ashwal et al., 2006; Suskauer & Huisman, 2009). NAA is an
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important metabolite that is measured, as it has been associated with neuronal density and
integrity (Suskauer & Huisman, 2009; Yeo, et al., 2006). However, empirical findings
have demonstrated that interpretation of these declines should be made with caution, as
these declines are at times and underestimate or even an overestimate of cell death, as
changes in NAA levels can be partly explained by changes in cellular functions among
intact neurons (Demougeot et al., 2001; Sager et al., 2000; Yeo, et al., 2006), or even
because it is part of a dynamic cycle sensitive to changes in concentration (Yeo, et al.,
2006). Creatine has important clinical value, as it is a measure of energy metabolism
(Susakauer & Huisman, 2009). Strongly associated or identified as a marker of cell
membrane turn over, inflammatory processes, and changes in myelination, choline also
has important clinical values as well when utilizing 1H-MRS (Susakauer & Huisman,
2009; Yeo, et al., 2006). While studies have demonstrated choline has a tendency to
increase post injury, NAA is likely to decrease in both pediatric and adult traumatic brain
injury populations (Suskauer & Huisman, 2009; Parry et al., 2004; Walz et al., 2008; Yeo
et al., 2006; Friedman et al., 1998; Holshouser et al., 2006; Garnett et al., 2001).
Glutamate is another important metabolite, as it can play a significant role in
excitotoxicity following traumatic brain injuries (Yeo, et al., 2006). Peak area
metabolite ratios, such as NAA/creatine and choline/creatine ratios, are examined in
acquisition techniques, due to the significant correlation with clinical variables such as
injury severity, despite no presence of structural abnormalities on MR images (Yeo, et
al., 2006). However, there are some limitations with utilizing metabolite ratios rather
than absolute concentrations, as there are likely cautions to be made with interpreting
these ratios due to reliance on two different values (Yeo, et al., 2006).
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Empirical findings have demonstrated the value of MRS data for prognostic
information, specifically as it relates to clinical outcomes observed among pediatric
patients with an acquired head injury (Ashwal et al., 2006). Specifically, these studies
have demonstrated significant correlations between metabolite ratios and neurologic
outcomes following pediatric TBI as well as the utility of MRS data for detecting diffuse
axonal injury (Ashwal et al., 2006). For instance, significant correlations between
reduced levels of NAA/creatine and NAA/choline and increased choline/creatine and
lactate have been found with variables such as the severity of injury and duration of the
coma, as well as with overall poor neurologic outcomes (Holshouser, Ashwal, Luh et al.,
1997; Yeo et al., 2006). On the other hand, higher NAA/Creatine ratios, despite the
presence of normal appearing white matter on MR imaging, have been correlated with
significantly better clinical outcomes on the Glasgow Outcome Scale (GOS) three
months following a brain injury (Sinson et al., 2001).
Limited studies have examined MRS variables among pediatric and child
populations following TBI. Ashwal et al. (2004) examined 38 children with a mean age
of 11 years and who sustained a TBI and compared them to a control same of children
with a mean age of approximately 10 years. The study utilized 1H-MRS and
demonstrated significantly elevated levels of glutamate/glutamine (Glx) among children
with a TBI compared to non-injured control participants. This finding, however, was not
associated with good or poor outcomes in the children, as demonstrated by their
performance on the Pediatric Cerebral Performance Category Scale (PCPCS). Further,
significant differences in other metabolite levels, such as NAA, creatine, or choline, were
not demonstrated in their study. Yeo, et al. (2006) points out, however, that these
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negative findings may be due to methodological limitations in the study, such as the use
of neurology patients as controls in their study sample, variable time frames post injury,
and poor sensitivity with the PCPCS measure utilized in the study. However, other
studies have demonstrated significant correlations between metabolite ratios and PCPCS
following pediatric TBI (Holshouser et al., 2005). Holshouser, et al. (2005) demonstrated
in their study that children with TBIs demonstrated decreased levels of NAA/Cr and
increased Cho/Cr. Parr et al. (2004) demonstrated in their findings that lower levels of
NAA and Cho were observed in children with severe TBIs compared to their control
counterparts. In their study, Yeo, et al. (2006) studied neurological and
neuropsychological outcomes of TBI in children between the ages of 6 and 18. Their
findings demonstrated evidence of diffuse brain injury, as indicated by changes in
neurometabolite levels in both the anterior and posterior halves of the supraventricular
MRS slab (Yeo, et al., 2006). Further, the NAA/Cre ratio levels were reduced and
Cho/Cre ratio levels were increased in the TBI sample compared to the controls.
Decreases in anterior Cho/Cre ratios over time were also observed in their study, between
3 and 21 weeks after the TBI. In terms of recovery patterns over time, their study
demonstrated indications of recovery of the anterior and not the posterior, NAA/Cre and
Cho/Cre concentrations over time from 3 to 24 weeks following the TBI (Yeo, et al.,
2006).
Other studies have examined MRS findings as it relates to accidental compared to
non-accidental trauma, demonstrating increased accuracy of MRS compared to clinical
variables as predictors of outcome (Ashwal, Holshouser, Shu, et al., 2000). Further, these
studies demonstrate that the presence of the metabolite, lactate, is a significant predictor
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of poor outcomes primarily among infants with an acquired TBI from non-accidental
trauma compared to infants with accidental TBI, accounting for greater variance in
outcome compared to clinical variables alone (Ashwal et al., 2000). Lactate is a
metabolite that provides a marker of anerobic metabolism and tissue injury, which may
be a result of inflammation or ischemia (Suskauer & Huisman, 2009; Ross et al., 1998).
While it is unclear to date why poorer outcomes are observed in pediatric TBI resulting
from non-accidental compared to accidental head injuries, some findings suggest this
difference is due to evidence of ischemia and hypoxia resulting from inflicted TBI
(Johnson, Boal, & Baule, 1995). Lactate is a neurometabolite that has been found to be
associated with ischemic and hypoxic injuries (Makoroff, Cecil, Care, & Ball, 2005).

Demographic Variables, Parental Stress, and SES
Studies have examined pre- and post- injury SES variables as predictors of
functional outcomes following a TBI. For instance, Gollahar, High, Shere, et al. (1998)
demonstrated that level of education, as well as level of functioning at discharge from
treatment, and pre-injury productivity are significant predictors of vocational productivity
at one to three years post-injury. Similarly, Hoofien, Vakil, Gilboa, Donovick, & Barak
(2002) demonstrated in their study that SES variables (e.g. education prior to injury,
number of siblings, and index of quality of service in the military) were predictive of
cognitive and psychiatric, vocational, and social/familial outcomes 10 to 20 years postinjury. Additionally, Hoofien et al. (2002) demonstrated that severity of injury and SES
variables predicted daily functioning. The authors posit that the findings are likely due to
access to social and financial resources, social support networks, health and rehabilitation
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services, and personal assets that were likely in place before the injury that service as
protective factors for recovery from an acquired TBI (Hoofien et al., 2002).
Fewer studies have been conducted that examined parental stress as it relates to
pediatric TBI outcomes, despite the effects it can have on the family (Hawley, Ward,
Magnay, & Long, 2003). Studies have demonstrated that among severe adult TBI
populations, over one third of adult caregivers report clinically significant levels of
anxiety, depression, and impaired social adjustment six months post-injury (Marsh,
Kersel, Havill, et al., 1998). Among children with an acquired TBI, parents are often
faced with similar distress, including feelings of guilt for how the child acquired the
injury (Hawley et al., 2003). Further, the neuropsychological deficits that children with
TBI are faced with, place significant distress on parents and are cause for significant
concerns regarding their child’s future functioning (Hawley et al., 2003). Several studies
have demonstrated that compared to orthopedic control samples, parents of children with
a TBI experienced significantly higher levels of family burden, injury related stress, and
psychological symptoms (Wade, Taylor, Drotar, et al., 1998). It is important to examine
parental stress when examining pediatric TBI outcomes, as this can have a significant
effect on the child’s adjustment and coping to the injury (Sokol, Ferguson, Pitcher, et la.,
1996). Hawley et al. (2003) examined the relationship between parental stress, braininjured child’s perceived problems, and parental general health and compared these
findings with families of non-injured children. The findings of this study demonstrated
that children with a mild, moderate, and severe TBI had parents with significantly great
stress experienced than parents of healthy control children and this stress was
significantly associated with the number of problems reported by the parents (Hawley et
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al., 2003). Further, there was a significant difference observed between the families of
children with TBI and the healthy control group parents on a measure of general and
psychological health (Hawley et al., 2003).
Therefore, these studies demonstrate the importance of to examining not only the
role of demographic variables such as age and gender, but also SES and parental stress
variables, as it relates to outcomes in pediatric TBI. However, there is very little
information available on the social effects on the child’s place in the family, school and
other social relationships.

MRS & Neuropsychological Outcomes
Recent studies have examined the relationship between MRS variables and
findings to neuropsychological and neurobehavioral findings following a traumatic brain
injury. These studies specifically have attempted to determine the predictive ability of
MRS variables, as it relates to these short and long term neurobehavioral outcomes
(Suskauer & Huisman, 2009). Many of these studies have demonstrated significant
relationships between both acute and late MRS variables and long term
neuropsychological consequences of TBI in infants and children (Ashwal, et al., 2006).
These findings will be further discussed in the section to follow.
Among studies that examined these relationships among children with TBI, there
were promising findings that did support the potential predictive ability of MRS data for
neuropsychological outcomes. For instance, in their study, Babikian et al. (2006)
examined neurometabolite levels utilizing 1H-MRS data obtained approximately 1-2
weeks following TBI in children. This study demonstrated that 40% of the variance in
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measures of general cognitive functioning was accounted for by these metabolite
variables. Specifically, the study revealed that ratios of NAA/choline and NAA/creatine
accounted for this significant portion of the variance in cognitive measures among
children with TBI, which supports the predictive ability of 1H-MRS (Babikian et al.,
2006). An even more interesting finding in this study was that correlations were found
between regional NAA measures and certain neuropsychological functions, such as
attention and executive functioning (Babikian et al., 2006).
Another study conducted by Yeo et al. (2006) examined the relationship between
MRS data among children with a TBI and their neuropsychological outcomes. The mean
number of days post-injury was approximately 35 days. This study demonstrated that
some neuropsychological measures were more strongly associated with neurometabolite
ratios compared to other measures. Specifically, there was a positive correlation between
overall performance, language, and visuomotor skills to NAA/Cre ratios and negative
correlation between those neuropsychological measures and Cho/Cre. However, working
memory and motor skills measures did not demonstrate significant correlations with the
metabolite ratios. Yeo et al. explained these findings by proposing that it is possible that
the strong relationship between the cognitive measures and MRS data was found because
of cognitive functions engaging more of the tissue sampled compared to the specific
motor tasks that comprised their motor composite variable.
Behavioral and social findings were also revealed in similar studies,
demonstrating a significant correlation between frontal gray matter creatine and choline
and parent’s perception of social competence in their children (Walz et al., 2008).
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Internalizing behavioral problems were also associated with left frontal white matter
choline and creatine levels in this study (Walz et al., 2008).

MRS and Long-Term Neuropsychological Findings
Other long term studies have examined neuropsychological functions and its
relationship to metabolite levels among children with acquired TBI, one year or greater
than one year following the injury (Parry et al., 2004). The findings from Parry et al.’s
(2004) study demonstrated a significant relationship between right frontal white matter
choline/creatine ratio and reaction times in children between the ages of 10 and 16.
Further, this study demonstrated that children with a severe TBI had significantly lower
NAA and choline concentrations in the right frontal lobe regional and this was strongly
associated with overall weaknesses on measures of neuropsychological functions, such as
intelligence, memory, and executive functions (Parry, et al., 2004).
Brenner, Freier, Holshouser, Burley, and Ashwal (2003) conducted a long term
study that examined neuropsychological functioning at one year and seven years postinjury among children with an acquired TBI following the TBI. This study gathered
MRS data to examine its relationship with neuropsychological outcomes and the ages of
the participants ranged from 1 week to 14 years of age. Brenner et al. (2003)
demonstrated that MRS variables were able to correctly classify infants and children’s’
neuropsychological functioning in many cases. Specifically, the NAA/choline,
choline/creatine, and lactate ratios and concentrations were able to classify between 73%
and 100% of the sample as functioning above or below the average range compared to
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their same age peers on measures of neuropsychological and intellectual functioning
(Brenner, et al., 2003).

Non-Accidental Head Trauma in Infants & Children
As previously discussed, traumatic brain injury in children has significant
consequences on a child’s neural maturation, cognitive/neuropsychological, and
social/behavioral functioning that can be long-term and debilitating. However, there are
some studies that suggest that non-accidental head trauma in children results in different
cognitive and neural consequences compared to children with accidental head trauma.
Few studies have specifically examined children with non-accidental head trauma;
however, among those that have, it appears there is reason to believe that children with
non-accidental head trauma are faced with significantly greater impairments. To begin to
understand the neuropsychological profiles observed in this population, it is important to
discuss the neural consequences and biomechanics of non-accidental head trauma.

Neural consequences of Shaken Baby Syndrome & Inflicted TBI
Previous studies have reported that non-accidental cerebral injury accounted for
10% of head trauma in children under the age of two years (Bruce, 1990). Most victims
with this syndrome are less than six months old (Chiocca, 1995). In children presenting
with Shaken Baby Syndrome, the cerebral injury is a result of shaking of the child’s
body, causing a whiplash motion to the cervical region (Caffey, 1972, 1974). Primary
and secondary damage to the central nervous system (CNS) results from such injury
(Reichert & Schmidt, 2001). Primary damage to the infant can include fractures, epidural
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hemorrhage, brain contusion or lacerations, intracerebral hemorrhage, subdural and
subarachnoid hemorrhage, diffuse axonal injury or diffuse vascular injury (Graham,
Adams, Nicoli, Maxwell, & Gennarelli, 1995). In a recent study (Barlow, Thomson,
Johnson, & Minns, 2005), neural findings following inflicted TBI included acquired
dysmorphism, where 32% of the children acquired microcephaly and 20% were
macrocephalic, a developed high arched palate, asymmetric growth with dwarfing of one
side associated with hemiparesis. Secondary damage includes any damage following the
injury. For instance, in their study, Barlow et al. (2005) found several neuromotor
deficits as well, such as hemiparesis, ataxia, tetraplegia, signs of evolving cerebral palsy,
variety of cranial nerve abnormalities such as third cranial nerve palsy and psuedobulbar
palsy.
One of the markers of abuse or non-accidental brain trauma victims is the
presence of retinal hemorrhages in the absence of severe accidental trauma (Reichert &
Schmidt, 2001: Greenwald, 1990), since this has been present in approximately 65 to
100% of patients with head injuries resulting from abuse (Caffey, 1974; Wilkinson, Han,
Rappley, & Owings, 1989). Reichert & Schmidt (2001) indicate that retinal hemorrhages
in the presence of acute subdural hemorrhaging likely indicate the occurrence of violent
shaking, with or without impact. Studies have found visual impairments, in general, as a
result of inflicted TBI in children. Barlow et al. (2005) found that 48% of children with
inflicted TBI had visual abnormalities. Among the visual abnormalities found included
cortical blindness, visual field deficits, visual agnosia, visual acuity deficits that were
bilateral, abnormal extraocular movements with heterotropia, and paralytic heterotropia
(Barlow et al., 2005). However, with follow-up from ophthalmology, resolution of
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retinal hemorrhages is likely (Geddes, Tasker, Hackshaw et al., 2003). Other potential
markers for abuse includes skull fractures crossing suture lines, and multiple and bilateral
fractures (Merservey, Towbin, McLaurin, Myers, & Ball, 1987). In injuries resulting in
skull fractures, future concerns may be skull defects later in life with pulsatile swelling of
the scalp, neurological deficits, or even seizures (Reichert & Schmidt, 2001).
In abuse resulting from acceleration-deceleration force, cerebral injury is often
severe and may have an initial presentation of arrest or an apenic event (Reichert &
Schmidt, 2001). This presentation is due to injuries to regions of the brain that are
involved in respiratory function (Hadley, Sonntag, Rekate, & Murphy, 1989). Further,
cerebral injury often results in subdural hematomas, cerebral white matter shearing,
subarachnoid hemorrhage, and cerebral cortical necrosis (Reichert & Schmidt, 2001).
Other secondary causes of death in children with less severe head injuries can include
uncontrollable intracranial hypertension (Reichert & Schmidt, 2001). Treatment for
intracranial hypertension occurs in a stepwise fashion, including the reduction of brain
volume by reducing extracellular fluid and medication (i.e. Phenobarbitals) (Reichert &
Schmidt, 2001).
Children with inflicted TBI can also be at risk for seizure disorders. For instance,
a study found that children with an inflicted TBI had initial onset of seizures immediately
following the injury; however, during the follow up visit (which was about 59 months on
average in this study), additional seizures were not reported (Barlow, et al., 2005).
However, 20% of the children in this sample did have symptomatic partial epilepsy with
secondary generalization, some children had intractable multifocal seizures with multiple
seizures throughout the day, and infantile spasm (Barlow et al., 2005).
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The treatment and management of head injuries caused by abuse includes several
medical procedures such as endotracheal intubation, ventilation, fluid resuscitation and
possible anti-convulsant therapy depending on the degree of impairments in the infant’s
consciousness (Reichert & Schmidt, 2001). A poor prognosis is expected among children
with bilaterally diffuse hypodensity revealed on the CT scans (Reichert & Schmidt,
2001).
Young children who have been abused can sometimes present with spinal injuries
as well (Reichert & Schmidt, 2001). Unfortunately, because of the nature of impact in
Shaken Baby Syndrome, the severe cerebral injury may cause the cervical spine injury to
be overlooked (Reichert & Schmidt, 2001).

Abuse & Traumatic Brain Injury in Older Children
A TBI in older children resulting from abuse is rare; however, such reported cases
can be due to use of physical punishment during behavioral management discipline (i.e.
beating) (Reichert & Schmidt, 2001). Specific damage to the brain typically includes soft
tissue lesions, skull fractures, and a range of intracranial lesions (Reichert & Schmidt,
2001). An evaluation of such cases should include a general trauma evaluation with a
urinalysis and careful review of previous hospital admissions for trauma, fractures, as
well physical examinations (Reichert & Schmidt, 2001).

Biomechanics of Non-accidental Head Trauma in Children
There are two types of mechanical load on the head that result in head trauma,
static or dynamic and two types of dynamic load: impact or impulsive (Gerber &
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Coffman, 2007). An impulse occurs when there is a change in momentum caused by an
applied force over time and this type of force can cause significant tissue strain (Gerber
& Coffman, 2007; Gennarelli & Meaney, 1996). The impact such force has on the head
is not only dependent on the magnitude of the force but also the rate at which it occurs
(Gennarelli & Meaney, 1996). Shearing forces are often seen in Shaken Baby Syndrome,
which result in shearing of the bridging veins and subdural and retinal hemorrhages
(Gerber & Coffman, 2007; Caffey, 1972, Chadwich, Chin, Landsverk, & Kitchen, 1991).
Infants are particularly vulnerable to such forces due to their relatively large heads, weak
neck muscles, and relatively large subarachnoid spaces (Duhaime, Gennarelli, Thibault,
Bruce, Margulies, & Wiser, 1987). Further, due to their developing brain, characterized
by immature myelination, small size of axons, thin and soft skulls, the impact of these
forces results is greater neural consequences (Case, Graham, Handy, Jentzen, &
Monteleone, 2001).
However, many have argued that shaking alone is not the primary source of the
head trauma, positing that impact is also required (Duhaime, et la., 1987). Duhaime et
al. (1987) conducted a biomechanical study using doll models that demonstrated that
average adult shaking of an infant by itself does not achieve the degree of injury seen
among Shaken Baby Syndrome and that shaking followed by an impact does result in
such severe injuries. However, this study is controversial due to the methodological
limitations associated with using a doll model of an infant head and brain that is not
satisfactory (Gerber & Coffman, 2007).
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Other mechanisms of non-accidental head injury include damage to the lower
brainstem and upper cervical spine that are often described as “whiplash-shake
syndrome” (Hadley, Sonntag, Rekate, & Murphy, 1989).
In summary, there are potential devastating consequences of traumatic brain
injury in children, whether the injury is resultant from non-accidental abuse or other
accidental traumatic events, such as motor vehicle accidents. However, there appears to
be significantly poorer neuropsychological outcomes among children with nonaccidental head trauma compared to children with accidental head trauma. Further, in
additional to different neuropsychological outcomes, there are likely differences in the
meaning of the TBI and consequently the social and behavioral outcomes observed in
accidental TBI. There are certain markers that physicians working with younger children
should be aware of for potential abuse victims, particularly since this is the age group at
highest risk for brain trauma resulting from abuse. While many neurological deficits and
impairments are often seen in such cases, medical interventions along with other
multidisciplinary interventions are in place for identified cases to help with the recovery.
Unfortunately, as discussed above, there are many victims of abuse or traumatic brain
injury that may be left unidentified, until possibly later in their lives.

Cognitive Sequelae of inflicted TBI
While there are some studies that have examined the neuropsychological consequences of
TBI in children, few studies have examined the cognitive sequelae resulting from
inflicted TBIs in the pediatric population. However, it is important to study not only the
neural consequences of inflicted TBI but also the neurobehavioral consequences, given
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that the biomechanical forces generated at the time of injury are different in inflicted and
non-inflicted TBI (Ewing-Cobbs, Kramer, Prasad, Canales, Louis, Fletcher, Vollero,
Landry, & Cheung, 1998). As previously discussed, young children are at the highest
risk for head injuries either because of abuse or from falling. This section will focus on
recent findings of the cognitive sequelae found in young children with inflicted TBIs.
In their study, Ewing-Cobbs et al. (1998) compared acute CT/MRI findings,
physical findings, and early developmental outcomes between inflicted and non-inflicted
moderate to severe TBI children between the ages of 0 to 6 years old and expected that
children with inflicted TBI would have greater physical, neural, and cognitive deficits
compared to children with TBI that was not inflicted. Cases where children were
suspected of having inflicted TBI instead of non-inflicted TBI were assessed by the Child
Protection Committee at the hospitals participating in the study. Outcome measures in
the study included a measure of global neurobehavioral outcome acutely post-injury, a
measure of orientation and posttraumatic amnesia, a standardized measure of
neurodevelopmental functioning using The Bayley Scales of Infant Developmental
Mental and Motor Scales-Second Edition (Bayley, 1993) for infants up 42 months, the
Stanford-Binet Intelligence Scale Fourth Edition (Thorndike, Hagen, & Sattler, 1986) as
a measure of cognitive function and the McCarthy Scales of Children’s Abilities
(McCarthy, 1972) motor scales as a measure of motor functioning among children 43 to
71 months of age. The results of this study supported the author’s hypothesis,
demonstrated significantly different patterns of neuroimaging, physical and cognitive
outcomes between children with inflicted or non-inflicted TBI. Specifically, in terms of
the neuroimaging patterns, children with inflicted TBIs had higher rates of pre-existing
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brain injury; 40% to 45% of children in this group had signs of pre-existing brain injury.
None of the children in the non-inflicted TBI group had signs of a pre-existing brain
injury. These results are consistent with previously discussed prevalence rates of TBI
among children who were abused. The neural finding among children with inflicted TBI
was subdural hematomas. Among children who had non-inflicted TBIs, epidural
hematomas and shear injuries were found. Intraparenchymal hemorrhages and
edema/infarction was found in both groups of children with TBIs. In terms of the
neurobehavioral outcomes of TBI found in the two groups, results indicated that greater
impairments on the neurobehavioral outcome scale in the inflicted TBI group,
performance in the mentally deficient range more frequently among children in the
inflicted TBI group than those children in the non-inflicted TBI group, and comparable
motor performance scores between the two groups. Importantly, those children who had
the presence of infarct/edema were more likely to have poor outcomes.
Another study (Barlow, Thomson, Johnson, & Minns, 2005) also used a crosssectional design to determine the neural and cognitive outcomes among children with
inflicted TBI. The measures in this study included two qualitative outcome scores that
are based on examination of both neurologic and developmental functioning, objective
measures of cognitive functioning, as well as a measure of the child’s adaptive behavior
functioning. The results indicated difficulties or impairments in all areas measured or
assessed. Specifically, about 60% of the children with inflicted TBI had difficulties with
gross motor function ranging from mild to profound difficulties, about 28% of the
children had mild difficulties with speech and language, and 24% of children with
inflicted TBI had self-injurious behaviors. Other behavioral disturbances were also
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observed such as severe temper tantrums, rage reactions, problems with attention,
impulsivity, hyperactivity, and ritualistic behaviors (Barlow, et al., 2005). In terms of the
cognitive outcomes found in this sample, the mean motor scores were significantly
delayed and mean cognitive scores were also significantly delayed. The results of
adaptive behavior function also demonstrated significant impairments and delays, as well
as specific delays or difficulties based on caregiver reports in the areas of
communication, daily living skills, socialization and motor skills. The authors also point
out that the outcomes observed or demonstrated are related to the severity of the injury
(Barlow et al., 2005).
While there is limited information about the cognitive consequences resulting
from non-accidental head trauma among infants and children, to date there have not been
any studies that have examined the social/behavioral consequences on non-accidental
head trauma. It would appear especially relevant to examine these consequences as well,
as it can have a significant impact on a child’s cognitive recovery over time and
adaptation to deficits they may experience due to the injury. Further, examination of the
social and behavioral consequences of non-accidental head trauma would provide useful
information about areas of interventions that will help these children integrate into
familial and school life more successfully, as well establish meaningful interpersonal
relationships.

Problem Statement and Hypotheses
Despite the devastating long term neurological consequences and the prevalence
of non-accidental head trauma among infants, few empirical studies have specifically
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examined the neuropsychological or neurobehavioral consequences of head trauma due to
non-accidental etiology. While empirical studies have been conducted that examine the
consequences of TBI among children and adolescents and the
neurobehavioral/neuropsychological outcomes associated with the TBI, few have
examined the neurobehavioral and neuropsychological outcomes among children with an
acquired TBI due to non-accidental head trauma. Because this population of infants and
children are faced with such long term and even poorer neurological and
neuropsychological outcomes compared to children with accidental head trauma and
because of the degree to which this impacts their ability to function appropriately in
everyday life, this populations needs further examination. Further, because of these
neuropsychological deficits and challenges these children are often faced with, their
ability to develop adequate social and behavioral regulation skills is comprised. As such,
it is essential to examine what potential variables can predict their outcomes to aid in
successful treatment planning.
Several clinical variables have been identified as predictors of their neurological
and neuropsychological outcomes among TBI in infants and children; however, these
findings are variable and do not demonstrate as strong predictor variables as the use of
magnetic resonance spectroscopic imaging (MRS). Further, very few of these studies
have examined MRS as potential predictive variable for outcomes among infants and
children with non-accidental trauma.
The purpose of the current study is to examine the relationship between clinical
variables, MRS data, and long term neuropsychological outcomes among infants and
children with an acquired TBI from non-accidental head trauma to determine the
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predictive ability of MRS variables for these outcomes. In addition, a thorough
examination of MRS variables as it relates to this population will be conducted, to not
only determine its predictive utility for long term outcomes, but also to determine if
specific neurometabolite markers are stronger predictors of outcome in non-accidental
TBI compared to other neurometabolites. Further, the current study will attempt to
contribute to the body of literature that has examined the consequences of non-accidental
head trauma with an anticipated larger sample size compared to previous studies, and
with examination of long term neuropsychological consequences. Finally, this study will
also specifically examine not only the neuropsychological and neurodevelopmental
consequences of non-accidental TBI, but also the social, emotional, and behavioral
consequences children with this type of head injury must adapt to. Based on previous
empirical findings the following hypotheses are proposed for this study:

1. Clinical variables, including age at time of injury, duration of time since injury,
GCS score, presence of non-reactive pupils, EEG results and duration of impaired
consciousness, will be correlated to neurodevelopmental (as measured by the
Bayley Scales of Infant Development or the Wechsler Intelligence Scales) and
neuropsychological outcome (as measured by NEPSY, WRAVMA, and
TELD/TOLD). Specifically:
1a. There will be a negative correlation between age at time of injury with
neurodevelopmental and neuropsychological deficits.
1b. There will be a negative correlation between duration of time since injury and
neurodevelopmental and neuropsychological deficits.
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1c. There will be a negative correlation between GCS score and
neurodevelopmental and neuropsychological deficits.
1d. There will be a negative correlation between, normalcy of EEG results with
neurodevelopmental and neuropsychological deficits.
1e. There will be a positive correlation between presence of non-reactive pupils
and neurodevelopmental and neuropsychological deficits.
1f. There will be a positive correlation between duration of impaired
consciousness with neurodevelopmental and neuropsychological deficits.

2. There will be ratios of NAA/Ch and NAA/Cr and lactate among NAT children
and infants that will be significantly different compared to ratios found in the
normative sample.

3. Clinical variables combined with 1H-MRS metabolites will be a significant
predictor of outcome post-injury. 1H-MRS metabolites will be a better predictor
than clinical variables alone, and H-MRS with clinical variables together will be
the best predictors of outcome. Specifically:
3a. Clinical variables, including age at time of injury, duration of time since
injury, GCS score, presence of non-reactive pupils, EEG results and duration of
impaired consciousness, combined with 1H-MRS metabolites (i.e., NAA/Ch,
NAA/Cr and lactate) will be significantly correlated to neurodevelopmental and
neuropsychological outcomes demonstrated post-injury.
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3b. 1H-MRS metabolites combined with clinical variables will be a stronger
predictor of neurodevelopmental and neuropsychological outcomes compared to
clinical predictors or 1H-MRS metabolites alone.
3c. An exploratory analysis will be conducted to determine if lactate is a stronger
predictor of neuropsychological outcomes compared to other 1H-MRS
neurometabolites.

4. An exploratory correlational analysis will be conducted to determine the
relationship between myo-inosital, glutamate/glutamine, and number of
hemorrhagic lesions with neurodevelopmental and neuropsychological outcome.

5. Multivoxel 1H-MRS will be used to identify regional metabolites that may be
associated with neurodevelopmental and neuropsychological variables.
5a. An exploratory correlational analysis will be conducted to identify the
associations between regional metabolites from the left and right hemispheres as
well as the frontal and occipital regions with neurodevelopmental and
neuropsychological outcome.

6. An exploratory analysis will be conducted to identify deficits in specific
neuropsychological domains, such as visuospatial functioning, memory, attention,
executive functioning, and language functioning.
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7. Parental stress will be positively correlated with neurodevelopmental and
neuropsychological deficits.
7a. Parent stress, as measured by the PSI, will demonstrate a positive correlation
with neuropsychological deficits.
7b. Parent stress will demonstrate a positive correlation with social, emotional,
and behavioral problems endorsed on the BASC-2, in children with nonaccidental head trauma.

8. An exploratory analysis will be conducted to determine the social, emotional, and
behavioral consequences of non-accidental head trauma.
8a. Children with non-accidental head trauma are expected to have significantly
higher behavioral and social/emotional problems endorsed by their parents on the
BASC-2 compared to the normative sample.

9. An exploratory analysis will be conducted to examine the relationship between
how parent ratings of their child’s everyday executive function skills (measured
by the Behavior Inventory of Executive Functions-BRIEF) is related to the child’s
social, emotional, and behavioral functioning on the BASC-2.
9a. Parents or caregivers of children with non-accidental head trauma are
expected to endorse clinically significant levels of concern for executive
dysfunction in their child compared to the normative sample on the BRIEF rating
form.
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9b. It is expected that there will be a positive correlation between the Inhibit and
Emotion Regulation subscales on the BRIEF and the social, emotional, and
behavioral subscales on the BASC-2.

Statistical Analyses
These hypotheses will be examined using regression analysis with Pearson
Correlation coefficients to determine the presence of significant correlations between
variables. Among hypotheses that examine the degree of variance accounted for by
specific variables, a hierarchical regression analysis will be utilized to address these
hypotheses. Descriptive statistical analysis will also be utilized to examine the mean and
standard deviations on measures of the social, emotional, and behavioral functioning
among children with non-accidental head trauma as well as their executive function skills
on parent rating scales. In order to convert the scores obtained into a standard form that
can provide meaningful and consistent interpretations of the findings, scores will be
converted into z-scores.

Power Analysis
Power analysis was done to determine what sample size would be desired to attain
significant (p < .05) associations between 1H-MRS variables and neuropsychological
outcomes. This power analysis used a correlation coefficient of .40 based on previous
studies that have found this to be the average effect sizes needed for significance within
similar models (Enriquez, 2005; Babikian, Freier, Ashwal, Riggs, Burley, Holshouser,
2006). The power calculation was done with a desired .80 power level, which according
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to Cohen (1977), is the recommended desired power level. Results of the power analysis
revealed that 32 subjects are desired at the .05 level of significance to yield significant
associations between 1H-MRS variables and neuropsychological outcomes.
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CHAPTER THREE
METHODS

Participants
Infants and children who were treated by the Division of Pediatric Neurology for
a closed head injury resulting from non-accidental trauma (NAT) at Loma Linda
University Children’s Hospital were recruited for this study through the Division of
Pediatric Neurology. Children between the ages of 2 months to 12 years were included in
this study. Inclusion criteria for all participants were as follows: (a) the child is medically
stable, (b) English is the primary language spoken in the home, (c) the parent completing
the questionnaires is the primary caregiver or guardian of the child, (d) the child has a
confirmed diagnosis of closed head injury related to nonaccidental trauma, (e) the child
received magnetic resonance spectroscopy (MRS) and MR Imaging to assess injury
severity and other clinical variables at the time of injury.

Procedures
The primary caregivers of children who are eligible for the study were contacted
via telephone and recruited through the Division of Pediatric Neurology. The principal
and co-investigators are members of the Division of Pediatric Neurology as well. A
specific telephone script (Appendix A) was followed for recruiting procedures. During
initial contact with primary caregivers, an explanation of the study was provided and
caregivers were asked if they would like to voluntarily participate in this study. Once
voluntary consent was obtained from the primary caregiver or parent, an appointment
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was scheduled for both the parent/guardian and the child to come to the Kids FARE lab, a
pediatric psychology laboratory directed by one of the principle investigators.
During the appointment, additional details regarding this study were provided to
the parent and informed consent procedures were followed with the parent. The parent
was asked to sign a copy of the informed consent and the child was provided with a child
assent form as well (Appendix B). Parents were also asked to complete several
questionnaires regarding their stress levels and parent child interactions (Parenting Stress
Index-PSI), the child’s behavioral and social and emotion functioning (Behavior
Assessment System for Children, Second Edition-BASC-2), a background and
demographics questionnaire (Appendix C), a measure of the child’s adaptive functioning
(Vineland Adaptive Behavior Scale-Second Edition; Vineland-II: Parent/Caregiver
Rating Form), as well as a questionnaire regarding the child’s current executive function
skills (Behavior Rating Inventory of Executive Functioning-BRIEF). These parent
questionnaires took approximately one hour to complete. Simultaneously, the child
participating in the study was administered several measures of his/her current
neuropsychological functioning by a supervised doctoral student who is qualified to
administer the examinations. Infants and toddlers between the ages of 24 to 36 months
were administered the Bayley Scales of Infant Development-3rd Edition, which took
approximately 1 to 1 ½ hours for completion. Children over the age of three years of age
were administered an age appropriate Wechsler scale, age appropriate test of their
language development, as measured by TELD or TOLD, a measure of their visual
perception and visual motor integration skills, as measured by WRAVMA, and select
subtests from the NEPSY I and II to assess for their attention and visual/ verbal memory
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skills. This evaluation took approximately between 2 to 3 hours to complete. During this
visit, children also received a basic neurological evaluation by a pediatric neurologist
from Loma Linda University Children’s Hospital, to assess for medical variables such as
GCS score, assessment whether conscious or unconscious, presence of post-traumatic
amnesia (PTA), cranial nerve examination, motor tone and strength, sensory function,
deep tendon reflexes, cerebellar and basal ganglia function and gait, head circumference
measurements, and Pediatric Cerebral Performance Category Scale (PCPCS) score.
Additionally, the child’s medical chart was reviewed to gather the following information:
date of injury, age at time of injury, clinical findings (i.e. EEG, GCS, presence of nonreactive pupils, number of days unconscious to MR imaging, cardiac arrest), MRS
variables (i.e. MRS ratios and presence of lactate), and MRI findings from the time of
injury as well as at follow-up neurological evaluations. When neuropsychological
evaluations were completed, parents were sent a report of the findings related to the
child’s current intellectual and neuropsychological capacities, as well as any relevant and
pertinent referrals that would potentially assist their child to reach their optimal level of
functioning.

Materials
Consent and Assent Forms
A combined cover letter and consent form were given to all potential participants
during the time of the child’s appointment (Appendix B).
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Background Questionnaire
Each parent (guardian) was asked to complete a brief questionnaire regarding the
child’s medical and developmental history and the family’s demographic background
(Appendix C).

Parenting Stress Index (PSI)
Parents/guardians were asked to complete the Parent Stress Index (PSI). The PSI
is a measure of child and parent characteristics that additively affect the quality of
parenting. The measure provides two index scores for parental stress specifically related
to their child (Child Domain) and parental stress related to the parents’ own interpersonal
stressors, individual characteristics, and competence that may contribute to the parentchild dyad (Parent Domain). The Child Domain consists of several subscales related to
the child’s current functioning that may contribute to parental stress:
Distractibility/Hyperactivity (DI), Adaptability (AD), Reinforces Parent (RE),
Demandingness (DE), Mood (MO), and Acceptability (AC). The Parent Domain consists
of: Competence (CO), Isolation (IS), Attachment (AT), Health (HE), Role Restriction
(RO), Depression (DP), and Spouse (SP) (Abidin, 1995). The PSI consists of 120 items
which are completed by circling strongly agree, agree, not sure, disagree, or strongly
disagree by the examinee. Completion time is approximately 20 minutes. The PSI is a
valid and reliable measure that is widely used.
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Behavior Assessment System for Children – 2nd Edition (BASC 2)
Parents/guardians were asked to complete the BASC 2. The BASC 2 evaluates behaviors
of children ages 2.5 to 18 years. Responders rate descriptors of a child’s social and
behavioral functioning on a 4-point scale of frequency ranging from never to almost
always. This measure provides four composite indices related to a child’s current
functioning based on the parent report: Adaptive Skills, Behavioral Symptoms Index,
Externalizing Problems, Internalizing Problems, and School Problems. The primary
scales include subscales such as Aggression, Anxiety, Conduct Problems, Social Skills,
and Withdrawal (Reynolds & Kamphaus, 2004). This assessment takes 10 to 20 minutes
to complete. The BASC is a reliable and valid measure.

Vineland Adaptive Behavior Scales-Second Edition:
Parent/Caregiver Rating Form (Vineland-II)
Parents (guardians) of the participating children were asked to complete the
Vineland-II: Parent/Caregiver Rating Form. This measure assesses different aspects of a
child’s and adult’s adaptive functioning between the ages of birth-90 years old and it
often used as a tool to identify individuals with intellectual and developmental
disabilities. The Vineland-II parent rating form consists of four primary domains/indices
and one optional domain. The four primary domains are the Communication, Daily
Living Skills, Socialization, and Motor Skills Domains. The Communication Domain
assesses an individual’s receptive, expressive, and written language skills. The Daily
Living Skills Domain assesses an individual’s personal, domestic, and community skills.
The Socialization Domain assesses an individual’s interpersonal relations, play and
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leisure time skill, and coping skills. The Motor Skills Domain assesses an individual’s
fine and gross motor skills. Finally, the Maladaptive Behavioral Index, which is an
optional domain that parents can choose to complete, measures an individuals
internalizing, externalizing, and other behavioral functioning skills. This measure takes
parents approximately 10-20 minutes to complete. The Vineland-II is a reliable and valid
measure.

Behavior Rating Inventory of Executive Functioning (BRIEF)
Parents (guardians) of the participating children were asked to complete the
BRIEF. This questionnaire assesses different aspects of executive functioning in children
between 2 and 18 years of age. The BRIEF rating form consists of eight subscales and
two composite indices. The Inhibit, Shift, and Emotional Control subscales comprise the
Behavioral Regulation Index (BRI). The Initiate, Working Memory, Plan/Organize,
Organization of Materials, and Monitor subscales comprise the Metacognition Index
(MI). The Inhibit subscale measures a child’s ability to inhibit impulsive responses. The
Shift subscales measures a child’s ability to transition between activities and tasks. The
Emotional Control subscale measures a child’s ability to regulate their emotions
effectively. The Initiation subscale measures a child’s ability to initiate tasks or
activities; the Working Memory subscale is a measure of a child’s ability to sustain
working memory skills; the Plan/Organize subscale measures a child’s ability to plan and
organize problem solving approaches; the Organization of Materials subscales measures a
child’s ability to keep materials in their environment organized; and the Monitor subscale
measures a child’s ability to monitor their own behaviors (Gioia, Isquith, Guy,
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Kenworthy, 2000). The BRIEF-Preschool Version (BRIEF-P) will be utilized for
younger children (ages 2- 5 years, 11 months) and is similar to the BRIEF, measuring a
child’s ability to inhibit impulsive responses, transition between tasks, regulate their
emotions, sustain working memory, and plan/organize problem solving approaches
(Gioia, Espy, & Isquith, 2003). This assessment took 10 to 20 minutes to complete. The
BRIEF and BRIEF-P are reliable and valid measures.

Bayley Scales of Infant and Toddler Development – Third Edition
(BSID-III)
The BSID-III is an individually administered examination that assesses the
current developmental functioning of infants and toddlers in the areas of cognitive ability,
receptive and expressive communication, and fine and gross motor skills. The Cognitive
scale assesses sensorimotor development, exploration and manipulation, object
relatedness, concept formation, memory, and other relevant cognitive processes (Bayley,
2006). The Language scale measures a child’s receptive and expressive communication
skills. Receptive communication skills assessed in this measure include preverbal
behaviors, vocabulary development, ability to identify objects and pictures, vocabulary
related to morphological development (e.g. pronouns and prepositions), understanding of
morphological markers (e.g. use of plurals, tense markings, and possessives), as well
measures a child’s social referencing and verbal comprehension. Expressive
communication skills assessed include preverbal communication (e.g., babbling,
gesturing, joint referencing, and turn taking), vocabulary development, labeling objects
and pictures, naming attributes (e.g. color and size), and morpho-syntactic development
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(e.g. two-word utterances, plurals, and verb tense). The Fine motor scale of the Motor
Scale measures a child’s fine motor skills associated with prehension, perceptual-motor
integration, motor planning, and motor speed. Additionally, items included are intended
to measures a child’s visual tracking, object manipulation, grasping, and functional hand
skills. The Gross Motor scale of the Motor Scale measures a child’s ability to move their
limbs and torso, their static positioning (e.g. standing and sitting), dynamic movement,
locomotion, coordination, balance, and motor planning. The BSID-III is appropriate for
use with children between 1 month and 42 months of age. This assessment takes
approximately 60 to 120 minutes to complete. The BSID-III is a reliable and valid
measure.

Intelligence - Wechsler Scales (Wechsler Preschool and Primary Scale of
Intelligence, Third Edition – WPPSI-III, Wechsler Intelligence Scale for Children,
Fourth Edition – WISC-IV)
An age-appropriate Wechsler assessment was used to measure intellectual
functioning in children. The WPPSI-III is an individually administered clinical
instrument that assesses intelligence in children ages 2 years, 6 months to 7 years, 3
months. The WPPSI-III provides a measure of a child’s verbal reasoning skills (Verbal
Intelligence Quotient-VIQ), nonverbal reasoning skills (Performance IQ), and overall
cognitive skills (Full Scale IQ). The VIQ composite is based on performance on tasks
that measure a child’s ability to label objects and acquire, retain, and retrieve general
factual knowledge. The PIQ composite is based on performance on tasks that measure a
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child’s visuoconstructional skills and visuo-perceptual organization and reasoning
(Wechsler, 2002).
The WISC-IV was administered to children between 6 years, 0 months to 16
years, 11 months of age. This measure provides five index scores based on a child’s
performance: Verbal Comprehension Index (VCI), Perceptual Reasoning Index (PRI),
Working Memory Index (WMI), Processing Speed Index (PSI), and Full Scale
Intelligence Quotient (FSIQ). These measures assess children’s cognitive abilities in the
areas of visual spatial processing, fund of knowledge, abstract reasoning, knowledge of
social comprehension, speed of information processing, and verbal comprehension
(Wechsler, 2003). Administration time is approximately 60 to 120 minutes for
completion of the full battery. The WPPSI-III and WISC-IV are widely used, reliable,
and valid measures of intelligence.

Wide Range Assessment of Visual Motor Abilities (WRAVMA)
The WRAVMA assesses various aspects of visual-motor functioning through
three subtests. The Drawing subtest examines integrated visual-motor ability, the
Matching subtest measures Visual-Perceptual ability, and the Pegboard subtest assesses
fine motor ability for a child’s dominant and non-dominant hand (Adams & Sheslow,
1995). Administration time for this measure is approximately 15 to 20 minutes. The
WRAVMA is widely used, reliable, and valid measures of visual-spatial-motor abilities.
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Test of Early Language Development – Third Edition (TELD-3); Test of Language
Development: Primary - Third Edition (TOLD-P:3); Test of Language Development:
Intermediate – Third Edition (TOLD-I:3)
Children participating in this study were administered an age appropriate test of
language development: The TELD-3 (ages 2-4 years), TOLD-P: 3 (ages 4-8 years) or
TOLD-I:3 (ages 8-12 years). The TELD and TOLD are measures of receptive and
expressive language. The TELD-3 provides three overall scores – Spoken Language,
Receptive Language, and Expressive Language composites. The TOLD-P: 3 and I: 3
provide six overall scores - Spoken Language, Listening, Organizing, Speaking,
Semantics, and Syntax. This assessment took 30 to 40 minutes to complete. The TELD3, TOLD-P: 3, and TOLD-I: 3 are all reliable and valid measures of language
functioning.

NEPSY: A Developmental Neuropsychological Assessment-First &
Second Edition (NEPSY & NEPSY-II)
The NEPSY is a comprehensive measure of neuropsychological development in
children ages 3 to 16. The assessment measures neuropsychological functions related to
Attention/Executive Functioning, Language, Sensorimotor, Visuospatial Processing,
Memory & Learning, and Social Perception (Korkman, Kirk, & Kemp, 2007). For this
study, subtests assessing Attention/Executive Functioning and Memory & Learning were
utilized. This assessment took approximately 20 to 30 minutes to complete. The NEPSY
has been noted to be a valid and reliable measure of neuropsychological functioning.
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Glasgow Coma Scale
As previously mentioned, the Glasgow Coma Scale (GCS) score obtained at the
time of injury was acquired from the child’s medical records. The GCS is utilized as
measure of injury severity based on several variables including eye opening responses,
verbal responses, and motor responses (Teasdale & Jennett, 1974). The scale categorizes
injury severity based on these responses into mild severity (i.e. score of ≥ 13), moderate
severity (i.e. score of 9-12), and severe severity (i.e. score of ≤ 8).

Magnetic Resonance Imaging and Spectroscopy
Results from the Magnetic Resonance Imaging (MRI) and 1H-Magnetic
Resonance Spectroscopy (1H-MRS) during the time of injury were recorded after review
of the child’s medical chart. Information about the imagining and spectroscopy
techniques was gathered from a study conducted by Aaen, Holshouser, Sheridan,
McKenney, & Ashwal (2008). The imagining and spectroscopy techniques utilized at the
time of injury used a circularly polarized head coil in a conventional 1.5T whole body
imaging system (VISION, Siemens, Medical Systems, Erlanger, Germany). Imaging
sequences included an axial and coronal fast spin-echo (FSE) T2 weighted (T2W)
acquisition (TR = 4200 msec, TE = 96 msec, 2 acquisitions, 4 mm thick slices), sagittal
T1 weighted SE acquisition (TR/TE = 55/22 msec, 2 acquisitions, 5 mm thick slices),
axial FLAIR (TR/TE/TI = 9000/110/2200, 1 acquisition, 4 mm thick slices), axial
diffusion weighted images (DWI; echo planar, single shot EPI, TR/TE= 4000/110 msec,
5 mm thick slices), and 3D susceptibility weighted imaging (TR/TE = 57/18, 15° flip
angle, 2 mm thick partitions). MR images and reports were reviewed at the time of injury
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by a neuroradiologist and the presence or absence of the following findings was recorded:
skull fractures that were also confirmed on X-ray, extra-axial hemorrhage including
subdural (SDH), epidural (EDH) and subarachnoid (SAH), intra-axial hemorrhage
including intraparenchymal and intraventricular (IVH), contusion and ischemia (focal
infarcts or global ischemia).
In addition, 2D-MR Spectroscopic Imaging (MRSI) was obtained using a watersuppressed point resolved spectroscopy sequence (PRESS) with a TR= 3000 msec, TE =
144 msec, NEX = 1, 1024 data points sampled with a dwell time of 1 ms. A multi-voxel,
single slice acquisition was acquired with a 10 mm thick slab (maximum of 160 mm
field-of-view, 16 x 16 phase encodings, up to 64 voxels (8x8/volume-of-interest (VOI),
nominal voxel volume of 1cc) through the level of the corpus callosum. The voxels
included areas of obvious injury if present, as well as normal-appearing brain. MRSI
spectra were post-processed using an MR spectroscopic analysis software package
available on the scanner (Luise, Siemens Medical Systems, Erlangen, Germany). Integral
peak values for NAA (2.02 ppm), total Cr (3.02 ppm; includes phosphocreatine), total
Cho (3.20 ppm; includes other choline moieties such as phosphocholine and
glycerophospho-choline) and Lac, if present (identified as an inverted doublet at 1.33
ppm and 7-Hz splitting) were measured for each voxel with an acceptable spectrum and
transferred to a spreadsheet for further analysis and to calculate metabolite ratios
(NAA/Cr, NAA/Cho, Cho/Cr). The MRSI grid was overlaid on T2W images and each
voxel was assigned to one of the following regions: frontal white matter (FWM), frontal
gray matter (FGM), corpus callosum (CC), parieto-occipital white matter (POWM), and
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parieto-occipital gray matter (POGM). Metabolite ratios from each region were averaged
and ratios from all voxels were averaged to obtain mean total ratios.
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CHAPTER FOUR
RESULTS

Participant Characteristics
Ninety-three children who were referred from the Division of Pediatric Neurology
were eligible for the study. Of the 93 subjects contacted for recruitment, one was
eliminated from the study because after being contacted they were identified as SpanishSpeaking only. Of the 93 subjects contacted and recruited for the study, only 13 subjects
came for the follow-up study and completed the neuropsychological or
neurodevelopmental evaluation. Several variables contributed to the low numbers in the
subject pool, including but not limited to, invalid current contact information for the
subjects being recruited or difficulties locating the subjects, high risk factors such as low
SES that prohibited involvement in the study, as well as several no-show appointments.
Refer to Table 1 and Table 2 for the frequency data and specific descriptive data
for the subjects that participated in this study. As noted, there were 6 Females (46.2%)
and 7 Males (53.8%) in this study. The majority of the caregivers who participated in the
study and completed the parent report forms on the measures administered were the
subjects’ mothers (66.7%). The majority ethnicity of the children who participated in this
study was Hispanic (45.5%). Seventy-five percent of the children and their family
members in this study had previous involvement with the Department of Child and
Family Services (DCFS). The mean age for the sample of children in this study was M =
3.62, SD = 1.61. The youngest child was 2 years old and the oldest was 7 years old. The
mean age of the child at the time of injury (in weeks) was M = 27.23 weeks (i.e.
approximately 6-7 months old), SD = 24.91 weeks. The mean time since the date of
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injury (in years and months) was M = 3.51, SD = 1.28, with the shortest time since date
of injury being 2 years 3 months and the longest amount of time since date of injury
being 6 years and 9 months. The mean level of parent education was M = 12.00, SD =
2.13 and the mean gross annual family income was M = $46, 275.00, SD = $48,016, 54.
This large standard deviation for the gross annual income was due an outlier in the
sample, with an annual gross income of $150,000. The mean number of previous foster
placements prior to the child’s current living situation was M = 2, SD = 1.41, with the
lowest number of previous foster placements being one previous foster home and the
largest number of previous placements being 4.
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Table 1
Frequency data for parent and child demographics.
Variable

Frequency

Percent

6
7
13

46.2 %
53.8%

8
2
2

66.7 %
16.7%
16.7%

1
2
5
1
1
1

9.1%
18.2%
45.5%
9.1%
9.1%
9.1%

4
5
1
1

36.4%
45.5%
9.1%
9.1%

3
3

50%
50%

9
3

75%
25%

Gender
Female
Male
Total
Caregiver Relationship to Child
Mother
Father
Adoptive Parent
Child’s Ethnicity
White
African American
Hispanic Origin
Asian
Other
Multiple Ethnicities
Parent Occupation
Homemaker
Full-time employment
Student
Foster Parent
Parent: Spouse Occupation
Full-time employment
Unemployment
Previous DCFS Involvement
Yes
No
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Table 2
Mean and Standard Deviations for Child and Parent Demographics.
Variable
Child’s Age at time of study (in
years)
Child’s age at time of injury (in
weeks)
Time since injury (in years and
months)
Parent’s Education Level (in years)
Parents’ Spouse Education Level
(years)
Gross Annual Family Income
Number of Family Members in
Home
Number of previous foster
placements

Mean

Standard
Deviation

Range

3.62

1.61

2-7 years

27.23

24.91

1-100

3.51

1.28

2.3-6.9

12.00
12.13

2.13
1.36

6-14
10-14

$46,275.00
5.09

48016.54
2.39

$3,600-$150,000
2-10

2.0

1.41

1-4

The mean and standard deviations for variables from the child’s follow-up
neurology examination are summarized in Table 3. As noted in Table 3, most of the
variables did not show variability between subjects, except for the Pediatric Cerebral
Performance Category Scale (PCPCS), with a M = 1.5, SD = 0.674. Please refer to Table
4 for the frequency data for the child’s follow-up neurology examination as well.
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Table 3
Mean and Standard Deviations for Child’s Follow-Up Neurology Examination.
Variable

Mean

Standard Deviation

Speech Score
Eye Opening

5.00
4.00

.000
.000

Motor

6.00

.000

GCS total Score

15.00

.000

PCPCS Score

1.500

.674

Spontaneous Breathing
(1 = Yes; 0 = No)
Mental Status (1 =
conscious)
PTA (1 = Yes; 2 = No)

1.00

.000

1.00

.000

2.00

.000

Note. GCS = Glascow Coma Scale; PCPCS = Pediatric Cerebral Performance
Category Scale (at time of neuropsychological testing); PTA = Post-traumatic
Amnesia
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Table 4
Frequency Data for Child’s Follow-Up Neurology Examination.
Variable

Frequency

Percent

Cranial Nerve Exam
Normal
Abnormal
Lower Motor Neuron
(facial weakness)
No

10
2
12

100%

Yes

0

--

Impaired suck, swallow,
or gag
No
Yes
Motor
Normal

83.3%
16.7%

12
0

100%
--

10

83.3%

Hemiparesis
Hand Dominance

2

16.7%

Right

11

91.7%

Left

1

8.3%

Sensory
Normal

Deep Tendon
Normal
Increased
Cerebellar Assessment
Normal

12

100%

7
5

58.3%
41.7%

10

100%

95

Variable
(cont.)
BG
Function
Normal
Pupil Size
Normal
Unilaterrally
Dilated
Visually
Track
Yes
No
Extraocular
Movements
Normal
PCPCS
Score
Normal
Mild
Disability
Moderate
Disability
Corneal
ResponseLeft
Yes
Corneal
ResponseRight
Yes

Frequency

Percent

12

100%

11

91.7%

1

8.3%

11

91.7%

1

7.7%

12

100%

7
4

58.3%
33.3%

1

8.3%

11

100%

11

100%

Data Screening: Missing Data and Normality
The data was closely examined to determine if bivariate outliers were detected.
While normality is not always required for multivariate analysis, it is always
recommended that continuous variables are screened for normality (Tabachnick & Fidell,
2007). Normality was assessed for some of the variables that had enough subjects, for the
purposes of this study with the use of graphical methods or histograms, which determined
the presence of skewness and kurtosis (See Figures 1-34). While slight skewness was
observed for some of the variables assessed for normality, after conducting a skewness
test, none of the variables violated assumptions for normality significantly.

Figure 1. Distribution of Wechsler Preschool and Primary Scale of Intelligence-Third
Edition (WPPSI-III) Z-Scores
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Figure 2. Distribution of Bayley-Third Edition (Bayley-III) Cognitive Scale Z-Score

Figure 3. Distribution of Bayley-III Language Composite Z-Scores
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Figure 4. Distribution of Bayley-III Motor Composite Z-Scores

Figure 5. Distribution of Wide Range Assessment of Visual Motor Ability (WRAVMA)
Drawing (Visual-Motor) Z-Scores
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Figure 6. Distribution of WRAVMA Matching (Visual-Spatial) Z-Scores

Figure 7. Distribution of WRAVMA Pegboard (Fine Motor) for Dominant Hand ZScores
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Figure 8. Distribution of WRAVMA Pegboard (Fine Motor) for Non-Dominant
Hand Z-Scores.

Figure 9. Distribution of NEPSY: Visual Attention Z-Scores
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Figure 10. Distribution of NEPSY: Statue Z-Scores
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Figure 11. Distribution of NEPSY II: Memory for Designs (Immediate Visual
Memory Recall) Z-Scores

Figure 12. Distribution of NEPSY II: Memory for Designs Delayed (Delayed
Visual Memory Recall) Z-Scores
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Figure 13. Distribution of NEPSY II Narrative Memory Free & Cued Recall
(Immediate Verbal Memory) Z-Scores

Figure 14. Distribution of Test of Language Development P:3 Spoken Language
Quotient Z-Scores
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Figure 15. Distribution of Test of Language Development P:3 Listening Quotient ZScores

Figure 16. Distribution of Test of Language Development Organizing Z-Scores
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Figure 17. Distribution of Test of Language Developmental Speaking Quotient ZScores

Figure 18. Distribution of Test of Language Development Semantic Quotient ZScores
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Figure 19. Distribution of Test of Language Development Syntax Quotient ZScores

Figure 20. Distribution of Test of Early Language Development-Third Edition
Receptive Language Z-Scores
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Figure 21. Distribution of Test of Early Language Development-Third Edition
Expressive Language Z-Scores

Figure 22. Distribution of Behavior Rating Inventory of Executive FunctioningPreschool Version: Global Executive Z-Scores
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Figure 23. Distribution of Behavior Assessment System for Children-Second
Edition (BASC-2) Externalizing Problems Z-Scores

Figure 24. Distribution of BASC-2 Internalizing Problems Z-Scores
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Figure 25. Distribution of BASC-2 Behavioral Symptoms Index Z-Scores

Figure 26. Distribution of Parental Stress Index (PSI): Child Domain Z-Scores
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Figure 27. Distribution of PSI: Parent Domain Z-Scores

Figure 28. Distribution of PSI: Total Stress Z-Scores
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Figure 29. Distribution of PSI: Life Stress Z-Scores

Figure 30. Distribution of Vineland-Second Edition (Adaptive Functioning)
Communication Composite Z-Scores
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Figure 31. Distribution of Vineland-Second Edition (Adaptive Functioning) Daily
Living Composite Z-Scores

Figure 32. Distribution of Vineland-Second Edition (Adaptive Functioning)
Socialization Composite Z-Scores
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Figure 33. Distribution of Vineland-Second Edition Motor Skills Composite Z-Scores

Figure 34. Distribution of Vineland-Second Edition Adaptive Behavior Composite ZScoresf
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Descriptive data for the clinical variables related to the MRS data collection are
summarized in Table 5. Specifically, the mean age in months when MRS data was
collected was M = 7.75, SD = 6.40. The mean days to MRS data collection after the date
of admission was M = 4.25, SD = 2.83. The initial Hemoglobin, Sodium, and Glucose
levels in the participating subjects during the time of MRS data collection are also
outlined in Table 5. The mean Glascow Coma Scale (GCS) score at the time of MRS
data collection was M = 12.67, SD = 3.60.

Table 5
Descriptive Data for Clinical Variables.
Variable

N

Minimum

Maximum

Mean

Standard
Deviation

Age in Months
when MRS data
collected
Days to MRS
(since admit)
Initial Hgb
Initial_Na
Initial_GCS
Initial_Glucose

12

1.00

26.00

7.75

6.40

12

1

9

4.25

2.83

12
13
12
13

6.10
135.00
6
76

15.70
146.00
15
251

10.02
138.62
12.67
135.31

2.89
3.18
3.60
62.46

Note. Hgb = Hemoglobin; Na = Sodium; GCS = Glascow Coma Scale

The frequency data information about additional clinical variables that were
collected at the time of MRS data collection is outlined in Table 6.
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Table 6
Additional Descriptive Data for Clinical Variables.
Note. Other_fx = fractures other than skull, Skull_fx = skull fracture, Confession =
Parent/guardian admission to abuse; CP_arrest = cardiopulmonary arrest; SBP_Is_60 =
Blood pressure less than 60; Elevated_ICP = Elevated intracranial pressure; Hyperosm =
Hyperosmolar; Los_BS_reflex = did patient lose brain stem reflex; Vasopress =
Vassopressin; Di_gdpr = good/poor outcome; MRI_SDH = subdural hemorrhage seen on
MRI; MRI_Glob_Isch = presence of global hypoxic-ischemic injury on diffusion
weighted imaging MRI. MRI_Contz = presence of contusion on MRI, SWI_MH =
presence of microhemorrhage on susceptibility weighted MRI.
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Variable
Intubated
No
Yes
Other_fx
No
Yes
Skull_fx
No
Yes
Bruising
No
Yes
Confession
No
Yes
EVD
No
Yes
Craniotomy
No
Yes
Disposition
Yes
Retinal Hemorrhage
No
Yes
Fixed Dilated Pupils
No
CP_arrest
No
Yes
Vasopressin
No
SBP_Is_60
No
Elevated_ICP
No
Yes

N

Percentage

10
3

76.9%
23.1%

9
3

75%
25%

9
3

75%
25%

7
6

53.8%
46.2%

12
1

92.3%
7.7%

10
2

83.3%
16.7%

10
3

76.9%
23.1%

5

38.5%

5
7

41.7%
58.3%

13

100%

11
2

84.6%
15.4%

13

100%

13

100%

12
1

92.3%
7.7%

Variable
Intubated
No
Yes
Hyperosm
No
Yes
Los_BS_reflex
No
PCPCS (FU)
Normal
Mild Disability
Moderate
Follow up (FU)
No
6 mo FU
Seizure
No
Yes
EEG
Normal
Mild Abn
Seizure Duration
<15 min
Rad_CT
Normal CT
Abn CT
MRS_DAI
No DAI
DAI present
MRI_SDH
No SDH
SDH/SAH present
MRI_Glob_isch
Not Global
MRI_Infarcts
No
Yes
MRI_Isch
No
Yes
MRI_Contz
No
SWI_MH
No
Yes
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N

Percentage

10
3

76.9%
23.1%

12
1

92.3%
7.7%

13

100%

7
3
2

58.3%
25.0%
16.7%

3
9

25.0%
75.0%

1
2

33.3%
66.7%

1
1

50%
50%

2

100%

4
8

33.3%
66.7%

5
7

41.7%
58.3%

3
9

25%
75%

12

100%

8
5

61.5%
38.5%

8
5

61.5%
38.5%

12

100%

9
4

69.2%
30.8%

Participants had both single voxel spectroscopy (SVS) and magnetic resonance
spectroscopy (MRS) imaging collected. The mean and standard deviations of the SVS
and MRS imaging are outlined in Table 7. Specifically, the SVS metabolites in the
occipital and parietal brain regions for each of the metabolites (i.e. NAA, Cre, Cho, MyoInosital, glutamate/glutamine, NAA/Cr, Na/Ch, Ch/Cr, Mi/Cr, Gl/Cr) are summarized.
The presence of lactate was presented in only 7.7% of the subjects when the data was
collected (i.e. one participant).
Table 8. summarizes the mean and standard deviation for the Magnetic Resonance
Spectroscopy Imagining variables in the corpus callosum (CC), frontal gray matter
(FGM), frontal white matter (FWM), occipital gray matter (OGM), parietal white matter
(PWM) for each of the metabolites (i.e. NAA/Cr, NAA/Cho, Cho/Cr, Lac/Cr).
Additionally, that total average of the metabolites across all brain regions (i.e. NAA/Cr,
NAA/Cho, Cho/Cr, Lac/Cr) are summarized in Table 8.
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Table 7
Mean and Standard Deviation for Single Voxel Spectroscopy Metabolites by Region.
Location/Metabolite
Occiptal (O)
o_NAA
o_Cre
o_Cho
o_ino
o_glx
o_lactate
Present
Not Present
o_na_cr
o_na_ch
o_ch_cr
o_mi_cr
o_gl_cr
Parietal (P)
p_naa
p_cre
p_cho
p_ino
p_glx
p_lactate
Present
Not Present
p_na_cr
p_na_ch
p_ch_cr
p_mi_cr
p_gl_cr

Minimum

Maximum

Mean

Standard
Deviation

13
13
13
13
13

2.67
2.56
2.56
1.62
7.45

9.60
6.61
6.01
9.59
16.53

5.85
4.80
4.33
4.70
11.56

1.98
1.25
1.02
2.01
3.33

1 7.7%
12 92.3%
13
13
13
13
13

0.76
0.84
0.52
0.54
1.59

1.55
2.79
1.44
2.53
3.88

1.22
1.38
0.94
1.02
2.49

0.24
0.52
0.26
0.55
0.69

13
13
13
13
13

4.54
3.58
3.09
3.12
7.82

9.79
6.45
7.75
7.98
16.42

6.69
5.08
5.33
4.38
11.96

1.53
0.85
1.16
1.37
2.54

1 7.7%
12 92.3%
13
13
13
13
13

0.95
0.82
0.68
0.59
1.65

1.62
1.90
1.56
1.75
3.62

1.32
1.30
1.06
0.89
2.41

0.20
0.35
0.23
0.34
0.64

N

%

Note. NAA = N-acetylaspartate; Cre = Creatine; Cho = Choline; Lac = Lactate; Na_Cr =
NAA/Creatine; Na_Ch = NAA/Choline; Ch_cr = Choline/Creatine
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Table 8
Mean and Standard Deviations for Magnetic Resonance Spectroscopic Imaging
Variables.
Location/Metabolite
Corpus Callosum (CC)
cc_NAA_cr
cc_NAA_cho
cc_cho_cr
cc_lac_cr
Frontal Gray Matter
(FGM)
fgm_NAA_cr
fgm_NAA_cho
fgm_cho_cr
fgm_lac_cr
Frontal White Matter
(FWM)
fwm_NAA_cr
fwm_NAA_cho
fwm_cho_cr
fwm_lac_cr
Occipital Gray Matter
(OGM)
ogm_NAA_cr
ogm_NAA_cho
ogm_cho_cr
ogm_lac_cr
Parietal White Matter
(PWM)
pwm_NAA_cr
pwm_NAA_cho
pwm_cho_cr
pwm_lac_cr
Tot_NAA_cr
Tot_NAA_cho
Tot_cho_cr
Tot_lac_cr

N

Minimum

Maximum

Mean

Standard Deviation

12
12
12
12

0.89
0.54
0.95
0.00

1.75
3.02
1.64
0.07

1.25
1.05
1.38
0.01

0.22
0.64
0.21
0.03

12
12
12
12

0.00
0.00
0.00
0.00

1.34
1.24
1.57
0.72

1.10
0.92
1.15
0.11

0.38
0.33
0.40
0.25

12
12
12
12

0.86
0.62
1.07
0.00

3.62
3.51
1.92
0.12

1.43
1.21
1.37
0.02

0.72
0.75
0.25
0.03

11
11
11
11

0.69
0.52
0.74
0.00

1.70
2.10
1.62
0.56

1.09
1.10
1.18
0.05

0.27
0.44
0.30
0.17

12
12
12
12
12
12
12
12

0.00
0.00
0.00
0.00
0.98
0.65
0.82
0.00

2.00
2.03
2.13
0.12
1.38
1.60
1.69
0.26

1.21
1.00
1.25
0.02
1.19
1.02
1.26
0.04

0.47
0.50
0.56
0.04
0.12
0.26
0.25
0.08
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Statistical Analyses: Hypotheses Examined
Hypothesis 1a
Hypothesis 1a posited that there would be a negative correlation between age at
time of injury with neurodevelopmental and neuropsychological deficits. Pearson
Correlations were conducted to determine the relationship between age at time of injury
and the different functional domains assessed among the participants. To avoid inflated
correlations, composite Z-Scores were utilized rather than individual subjects that
comprise the composite scores on the measures utilized. Table 9. summarizes the
correlations between age at time of injury and time since injury with the cognitive
functioning variables (i.e. WPPSI-III, WISC-IV, Bayley III). As noted in Table 9., there
were significant negative correlations between age at time of injury and the composite
variables of the WISC-IV (i.e. VCI, PRI, WMI, PSI, FSIQ). Specifically, there was a
negative correlation between age at time of injury and performance on the VCI, r (2) = 1.00, p < .01. There was also a negative correlation between age at time of injury and
performance on the PRI, r (2) = -1.00, p < .01. There was a negative correlation between
age at time of injury and performance on the WMI, r (2) = -1.00, p < .01. There was a
negative correlation between age at time of injury and performance on the PSI, r (2) = 1.00, p < .01. There was also a negative correlation between age at time of injury and the
overall Full Scale Intelligence Quotient (FSIQ), r (2) = -1.00, p <.01. This finding
indicates that the greater the age at time of injury the lower the overall performance on
the WISC-IV (i.e. FSIQ) during the follow-up evaluation. However, this finding does not
support the hypothesis and it should be interpreted with caution given the very small
sample size. Further, these results should be interpreted with caution given the limited
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sample size included in this analysis. There were no significant correlations found
between age at time of injury and the other cognitive variables assessed.
Additional Pearson Correlation analysis was conducted to determined the
relationship between age at time of injury and the other functional domains assessed:
Visual-Motor, Visual-Spatial, Fine Motor, Language, Attention, Executive, and memory
functioning (See Table 10). There was a significant positive correlation between age at
time of injury and the Test of Early Language Development-Third Edition (TELD-III):
Spoken Language quotient, r (4) = .96, p < .05. This finding indicates that the greater the
age at time of injury, the greater performance on the Spoken Language quotient of the
TELD-III. This finding does support the hypothesis that the greater the age at time of
injury, the lower the deficits on the language domain on the TELD-III. However, there
was a significant negative correlation between age at time of injury and the NEPSY:
Auditory attention subtest performance, r (2) = -1.00, p <.01. This finding suggests that
the greater the age at time of injury, the lower the performance on a test of sustained
auditory attention, which does not support the hypothesis. Given the limited sample size
in this analysis, this finding should be interpreted with caution. On executive functioning
measures, while there was a positive significant correlation between age at time of injury
and the NEPSY Statue subtest, r (4) =.99, p <.01, there was a significant negative
correlation between the NEPSY Inhibition subtests, r (2) = -1.00, p < .01. As previously
noted, given the limited sample size included in this analysis, this finding should be
interpreted with caution. Therefore, there were variable findings that either did or did not
support Hypothesis 1a, depending on the domain.
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Table 9
Pearson Correlation of age at time of injury and time since injury with cognitive
functioning variables.
Age at time of injury

Time since
injury

N

-.25
.21
-.05

-.94**
-.63
-.79

6
5
5

-1.00**
-1.00**
-1.00**
-1.00**
-1.00**

1.00**
1.00**
1.00**
1.00**
1.00**

2
2
2
2
2

.77
.81

-.97*
-.91

4
4

Expressive Language

.77

-.96*

4

Language
Fine Motor
Gross Motor
Motor Composite

.81
.14
-.50
-.32

-.94
-.52
.11
-.09

4
4
4
4

Variable
WPPSI-III
VIQ
PIQ
FSIQ
WISC-IV
VCI
PRI
WMI
PSI
FSIQ
Bayley III
Cognitive
Receptive Language

** p < .01; * p < .05
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Table 10
Pearson Correlation of age at time of injury and time since injury with visual-motor,
visual-spatial, fine motor, language, attention, executive, and memory functioning
variables.
Variable
WRAVMA
Visual-Motor (Drawing)
Visual-Spatial (Matching)
Fine Motor: Dominant Hand
Fine Motor: Non-Dominant
Language
TELD-III: Receptive
TELD-III: Expressive
TELD-III: Spoken Language
TOLD-P:3: Spoken
Language
TOLD-P:3: Listening
TOLD-P:3: Organizing
TOLD-P:3: Speaking
TOLD-P:3: Semantics
TOLD-P:3: Syntax
NEPSY: Attention
Visual Attention
Auditory Attention
NEPSY: Executive
Statue
Inhibition-Inhibition
Inhibition-Naming
NEPSY: Memory
Memory for Designs
Memory for Designs
(Delayed)
Narrative Memory: Free
Recall
Narrative Memory: Free &
Cued Recall

Age at time of
injury

Time since injury

N

.08
-.47
-.14
.25

.15
-.02
.32
.75

7
7
7
6

.81
.85
.96*
-.40

-.19
-.94
-.76
.79

4
4
4
3

.19
-.74
-.60
-.57
-.09

.29
.97
.91
.89
.55

3
3
3
3
3

-.88
-1.00**

-.96
1.00**

3
2

.99**
-1.00**
-1.00**

.96*
1.00**
1.00**

4
2
2

-.84*
-.83

.28
.99

6
3

-.15

.40

4

-.09

.40

7

* p < .05; ** p < .01
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Hypothesis 1b
Hypothesis 1b posited that there would be a negative correlation between duration
of time since injury and neurodevelopmental and neuropsychological deficits. As
observed in Table 9, there was a significant negative correlation between time since
injury and the Verbal IQ score on the WPPSI-III, r (6) = -.94, p < .01. This finding
suggests that the greater the time since injury, the lower the performance on the WPPSIIII VIQ (i.e. greater the deficit), which does not support the hypothesis. On the other
hand, there were significant positive correlations between time since injury and all
WISC-IV composite z-scores, r (2) = 1.00, p < .01. This finding suggests that the greater
the time since injury, the greater the performance on the WISC composite variables (i.e.
VCI, PRI, WMI, PSI, FSIQ) and this does support the hypothesis. However, given the
limited sample size for this analysis, findings should be interpreted with caution. It was
also observed that there was a significant negative correlation between the time since
injury and the Bayley III Cognitive subscale, r (4) = -.97, p < .05. This finding indicates
that the greater the time since injury, the lower the performance on the Cognitive
subscale of the Bayley III (i.e. the greater the deficit), which does not support the
hypothesis. Finally, there was a significant negative correlation between time since
injury and performance on the Bayley III Expressive Language subscale, r (4) = -.96, p <
.05. This finding also suggests that the greater the time since injury, the lower ht
performance on the Expressive language subscale of the Bayley III (i.e. the greater the
deficit); this finding also does not support the hypothesis.
The Pearson Correlations between time since injury and the other functional
domains assessed (i.e. Visual-Motor, Visual-Spatial, Fine Motor, Language, Attention,
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Executive, and memory functioning) are also summarized in Table 10. As noted on
Table 10., there is a significant positive correlation between time since injury and
performance on the NEPSY Auditory Attention subtest, r (2) = 1.00, p < .01. This
finding suggests that the greater the time since injury, the better the performance on a
measure of sustained auditory attention (i.e. lower the deficit). Therefore, this finding
does support the hypothesis. However, this finding should be interpreted with caution
given the limited sample size included in this analysis. Additionally, there was a
significant positive correlation between time since injury and all the executive
functioning measures administered to the subjects. Specifically, there was a significant
positive correlation between time since injury and the NEPSY Statue subtest, r (4) = .96,
p < .05. There was also significant positive correlations between time since injury and
the NEPSY Inhibition subtests, r (2) = 1.00, p < .01. As noted previously, this finding
should be interpreted with caution given the limited sample size. These findings
regarding executive functioning do support the hypothesis stated above.

Hypothesis 1c
Hypothesis 1c posited that there would be negative correlation between the
subject’s GCS score and neurodevelopmental and neuropsychological deficits. There
were several significant correlations between the subject’s initial GCS score and
cognitive functioning at follow-up (See Table 11.). Specifically, there were significant
positive correlations between the initial GCS score and the child’s performance on all
composites of the WISC-IV (i.e. VCI, PRI, WMI, PSI, FSIQ), r (2) = 1.00, p < .01. This
finding suggests that the higher their initial GCS score was at the time of injury, the
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higher their performance on a measure of cognitive functioning on the WISC-IV.
However, this analysis should be interpreted with caution given the limited sample size.
There was also a significant positive correlation between the child’s initial GCS and their
fine motor functioning on the Bayley III, r (4) = .98, p < .05. This finding suggests that
the greater the subject’s initial GCS score was, the higher their fine motor functioning on
the Bayley III at follow-up. Therefore, the hypothesis was supported for measures on the
WISC-IV and Bayley III Fine Motor scale.
Pearson correlations were also conducted to determine the relationship between
the subject’s initial GCS score and their neuropsychological functioning at follow up on
measures of visual-motor, visual-spatial, fine motor, language, attention, executive
functioning, and memory functioning variables (See Table 12). There was a significant
positive correlation between the subject’s initial GCS score and performance on the
NEPSY Visual Attention and Auditory Attention subtests, r (2) = 1.00, p < .01; r (2) =
1.00, p < .01, respectively. This finding suggests that the higher the subject’s initial GCS
score, the higher their performance on measures of visual and auditory attention at
follow-up. Additionally, there were significant positive correlations between the
subject’s initial GCS score and their performance on measures of Inhibition on the
NEPSY, r (2) = 1.00, p < .01. This finding also suggests that the higher the subjects
initial GCS score, the higher their performance on measures of inhibition at follow-up.
Therefore, the hypothesis was supported for measures of attention and inhibition. Given
the limited sample size, these findings should be interpreted with caution.
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Table 11
Pearson Correlations of relationship between Glascow Coma Scale (GCS)
and cognitive functioning variables.
Variable
WPPSI-III
VIQ
PIQ
FSIQ
WISC-IV
VCI
PRI
WMI
PSI
FSIQ
Bayley III
Cognitive
Receptive Language
Expressive Language
Language
Fine Motor
Gross Motor
Motor Composite

GCS Score

N

-.28
-.01
.10

5
4
4

1.00**
1.00**
1.00**
1.00**
1.00**

2
2
2
2
2

.69
.78
.82
.80
.98*
.67
.80

4
4
4
4
4
4
4

* p < .05; ** p < .01
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Table 12
Pearson Correlation of relationship between GCS and visual-motor, visualspatial, fine motor, language, attention, executive, and memory functioning
variables.
Variable
WRAVMA
Visual-Motor (Drawing)
Visual-Spatial (Matching)
Fine Motor: Dominant Hand
Fine Motor: Non-Dominant
Language
TELD-III: Receptive
TELD-III: Expressive
TELD-III: Spoken Language
TOLD-P:3: Spoken
Language
TOLD-P:3: Listening
TOLD-P:3: Organizing
TOLD-P:3: Speaking
TOLD-P:3: Semantics
TOLD-P:3: Syntax
NEPSY: Attention
Visual Attention
Auditory Attention
NEPSY: Executive
Statue
Inhibition-Inhibition
Inhibition-Naming
NEPSY: Memory
Memory for Designs
Memory for Designs
(Delayed)
Narrative Memory: Free
Recall
Narrative Memory: Free &
Cued Recall

GCS

N

.24
.54
-.04
.30

6
6
6
5

-.50
-.93
-.86
.99

3
3
3
3

.87
.87
.95
.96
.97

3
3
3
3
3

1.00**
1.00**

2
2

-.95
1.00**
1.00**

3
2
2

.33
.79

5
3

-.35

4

-.30

6

* * p < .01
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Hypothesis 1d
Hypothesis 1d posited that there would a negative correlation between normalcy
of EEG results with neurodevelopmental and neuropsychological deficits. As only two
subjects had completed an EEG at the time of injury, this variable was eliminated for
analyses.

Hypothesis 1e
Hypothesis 1e posited that there would be positive correlation between presence
of non-reactive pupils and neurodevelopmental and neuropsychological deficits. Due to
lack of variance in pupil reactivity scores, this analysis could not be conducted (i.e. all
children had reactive pupils at the time of injury).

Hypothesis 1f
Hypothesis 1f posited that there would be a positive correlation between duration
of impaired consciousness with neurodevelopmental and neuropsychological deficits.
This information was not collected at time of injury, as such, this analysis could not be
conducted. It is likely that this information was not collected at time of injury due to it
being unavailable or unknown.

Hypothesis 2
Hypothesis 2 posited that the ratios of NAA/Ch and NAA/Cr and lactate among
NAT children will be significantly different compared to ratios found in the normative
sample. Given that the metabolite ratios are compared against ratios found among other
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children of the same age (B. Holshouser, Personal Communication, May 2010) it was not
appropriate to determine whether the mean metabolite ratios were within normal limits or
not for NAT children. However, it was noted that there was one subject who had the
presence of lactate in the Single Voxel Spectroscopy in both the occipital and parietal
regions of the brain.

Hypothesis 3
Hypothesis 3 posited that the clinical variables combined with the 1H-MRS
metabolites will be a significant predictor of outcome post-injury.

Hypothesis 3a
Hypothesis 3a posited that clinical variables, including age at time of injury,
duration of time since injury, GCS score, presence of non-reactive pupils, EEG results,
and duration of impaired consciousness, combined with 1H-MRS metabolites will be
significantly correlated to neurodevelopmental and neuropsychological outcomes
demonstrated post-injury. In the statistical analysis, age at time of injury, duration of time
since injury, and initial GCS scores were included in the models. However, presence of
non-reactive pupils could not be included in the models, given the lack of variability
among this variable (i.e. all participants had normal pupils). Additionally, EEG results
could not be included in the analysis, as only two participants had EEG results
completed. Finally, the duration of impaired consciousness was not included in this
analysis, as this information was not available even after review of medical records.
Pearson correlation analysis was conducted to determine the relationship between the
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clinical variables and the 1H-MRS variables, as hypothesis 3b analyzed the relationships
between the clinical variables and 1H-MRS with the neuropsychological and
neurodevelopmental outcomes separately. This analysis revealed a significant positive
correlation between age at time of injury and total average NAA/Cho metabolite ratios, r
(12) = .86, p <.001. As such, the greater the age at time of injury, the higher the total
average NAA/Cho ratios were. Additionally, there was a significant negative correlation
between age at time of injury and the total average Cho/Cr metabolite ratios, r (12) = .65, p < .05. As such, the greater the age at time of injury, the lower the total average
Cho/Cr metabolite ratios were. Additionally, there was a significant positive correlation
between initial GCS score and total average Cho/Cr metabolite ratios, r (11) = .64, p <
.05. As such, the higher the initial GCS score at time of injury, the higher the Cho/Cr
total average metabolite ratios were.

Hypothesis 3b
Hypothesis 3b posited that H-MRS metabolites combined with clinical variables
will be a stronger predictor of neurodevelopmental and neuropsychological outcomes
compared to clinical predictors or 1H-MRS metabolites alone. In the statistical analysis,
age at time of injury, duration of time since injury, and initial GCS scores were included
in the models. However, presence of non-reactive pupils could not be included in the
models, given the lack of variability among this variable (i.e. all participants had normal
pupils). Additionally, EEG results could not be included in the analysis, as only two
participants had EEG results completed. Finally, the duration of impaired consciousness
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was not included in this analysis, as this information was not available even after review
of medical records.
Separate analyses were conducted for the different functional domains evaluated
in the neuropsychological battery. For evaluating clinical and -1H-MRS metabolite
variables as predictors of cognitive/intellectual ability, a Linear Regression Model was
conducted with the following variables entered into the model: age at time of injury,
duration of time since injury, initial GCS scores along with the total average Nacetylaspartate and creatine metabolite ratio (i.e. NAA/Cr). The results revealed that this
model was not a significant predictor of cognitive/intellectual ability in children of 2
years 6 months and older, F(1,4) = .437, p = .80 and accounted for 63.6% of the variance.
The second model included age at time of injury, duration of time since injury, initial
GCS score and the total average NAA/Choline (NAA/Cho) as a predictor of
cognitive/intellectual ability. The results demonstrated this model was not significant, F
(1,4) = .145, p = .941 and accounted for 36.8% of the variance in the model. The third
model included age at time of injury, duration of time since injury, initial GCS score and
total average Choline/Creatine. The results demonstrated this model was not significant,
F(1.4) = .459, p = .786 and accounted for 64.7% of the variance.
To analyze clinical variables and 1H-MRS metabolite ratios as a predictor of
visuo-motor functioning, a model with age at time of injury, duration of time since injury,
initial GCS score and total average NAA/Cr ratios was included. The results of this
analysis revealed the model was not significant, F (1,4) = .201, p = .911 and accounted
for 44.5% of the variance. When a similar model was analyzed with NAA/Cho ratios, the
model remained insignificant, F (1, 4) = .032, p = .995 and accounted for only 11.2% of
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the variance. When the model included age at time of injury, duration of time since
injury, initial GCS score and total average Cho/Cr metabolite ratios, it was also
insignificant, F (1, 4) = .331, p = .843 and accounted for 56.9% of the variance.
To analyze clinical variables and 1H-MRS metabolite ratios as a predictor of
visual-spatial functioning, a model with age at time of injury, duration of time since
injury, initial GCS score and total average NAA/Cr ratios was included. The results of
this analysis revealed the model was not significant, F ( 1,4) = .469, p = .782 and
accounted for 65.2% of the variance. When a similar mode was analyzed with NAA/Cho
ratios, the model was also insignificant, F (1,4) = .436, p = .795 and accounted for 63.6%
of the variance. When the model include age at time of injury, duration of time since
injury, initial GCS score and total average Cho/Cr metabolite ratios, it was also
insignificant, F (1,4) = 4.08, p = .354 and accounted for 94.2% of the variance.
To analyze clinical variables and 1H-MRS metabolite ratios as a predictor of finemotor functioning, a model with age at time of injury, duration of time since injury,
initial GCS score and total average NAA/Cr ratios was included. The results of this
analysis revealed the model was not significant, F (1,4) = .066, p = .982 and accounted
for 20.8% of the variance. When a similar model was analyzed using total average
NAA/Cho metabolite ratios, the model was also insignificant, F (1,4) = .312, p = .852 and
accounted for 55.5% of the variance. When the model included total average Cho/Cr
metabolite ratios, the model was also insignificant, F (1, 4) = 19.17, p = .169 and
accounted for 98.7% of the variance.
Due to limited number of participants who could complete the attention,
language, and memory measures, a regression analysis could not be completed with these
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variables as the outcome variable. Additionally, there were limited number of
participants that completed the Bayley-III measure for their neurodevelopmental
functioning and this analysis could not be conducted with the Bayley-III as an outcome
variable.
A Linear Regression Model was conducted to analyze clinical and 1H-MRS
variables as a predictor of executive functioning. A model with age at time of injury,
duration of time since injury, initial GCS score, and total average NAA/Cr metabolite
ratios were included with the BRIEF-P Emergency Metacognition Index as the dependent
variable/outcome variable. The model was not significant, F (3,4) = .438, p = .779 and
accounted for 36.8% of the variance. A similar model was analyzed with the total
average NAA/Cho metabolite ratios. This model was also insignificant, F (3,4) = .447, p
= .774 and accounted for 37.3% of the variance. A different model with the total average
Cho/Cr metabolite ratios was analyzed. This model was also insignificant, F (3, 4) =
1.92, p = .309 and accounted for 71.9% of the variance. Due to the sample size
consisting of mostly younger children, there was a very limited amount of participants
that had data point for the BRIEF, as such a separate analysis with the BRIEF could not
be conducted.

Hypothesis 3c
Hypothesis 3c proposed an exploratory analysis to determine if lactate is a
stronger predictor of neuropsychological outcomes compared to other 1H-MRS
neurometabolites. An independent-samples T-test was conducted to determine if there
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was a significant difference between those who had lactate present at the time of injury
and those participants who did not demonstrate any evidence of lactate.
Separate analyses were conducted for the different functional domains evaluated
in the neuropsychological battery. An Independent Samples T-test was conducted to
determine if children who had the presence of lactate on their 1H-MRS performed
significantly differently on measures of their intellectual ability from children who did
not have the presence of lactate. There was no statistically significant difference on
measures of intellectual/cognitive functioning between children who had the presence of
lactate (M = -1.09) and children who did not have lactate present (M = -1.15), t (5) = -.10,
p = .93. An Independent Samples T-test was also conducted to determine if children who
had the presence of lactate on their 1H-MRS performed significantly different on
measures of their visuo-motor functioning from children who did not have the presence
of lactate. There was no statistically significant different on measures of visuo-motor
functioning between children who had the presence of lactate (M = -.31) and children
who did not have lactate present (M = -1.03), t (5) = -1.52, p = .18. An Independent
Samples T-test was also conducted to determine if children who had the presence of
lactate on their 1H-MRS performed significantly different on measures of their visualspatial functioning from children who did not have the presence of lactate. There was a
statistically significantly difference on measures of visual-spatial functioning
(WRAVMA: Matching) between children who had the presence of lactate (M = .62) and
children who did not have lactate present (M = -.94), t (5) = -2.77, p < .05. Specifically,
children who did not have lactate presence performed significantly worse than children
who did have lactate present. This finding does not support the hypothesis. Another

135

Independent Samples T-test was conducted to determine if children who had the presence
of lactate on their 1H-MRS performed significantly different on measures of their fine
motor functioning from children who did not have the presence of lactate. There was no
statistically significant difference on the measure of fine motor functioning between
children who had the presence of lactate (M = -.78) and children who did not have lactate
present (M = -.68), t (5) = .14, p = .89. An Independent Samples T-test was conducted to
determine if children who had the presence of lactate on their 1H-MRS performed
significantly different on a measure of their immediate visual memory compared to
children who did not have the presence of lactate. There was no statistically significant
difference on the measure of immediate visual memory between children who had the
presence of lactate (M = -.17) and children who did not have lactate present (M = -.67), t
(4) = -1.36, p = .25. An Independent Samples T-test was conducted to determine if
children who had the presence of lactate on their 1H-MRS performed significantly
different on a measure of their verbal memory (free & cued recall) compared to children
who did not have the presence of lactate. There was no statistically significant difference
on the measure of verbal memory between children who had the presence of lactate (M =
-1.17) and children who did not have lactate present (M = -1.00), t (3.58) = .32, p = .77.

Hypothesis 4
Hypothesis 4 proposed an exploratory analysis would be conducted to determine
the relationship between myo-inosital, glutamate/glutamine, and number of hemorrhagic
lesions with neurdevelopmental and neuropsychological outcome. Exploratory Pearson
correlations were conducted to examine the relationship between myo-inosital and
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glutamate/glutamine in the occipital and parietal lobe regions of the brain and cognitive
and neuropsychological measures. For the cognitive measures, there was only one
significant negative correlation between the myo-inosital ratios in the parietal regions of
the brain collected on the Single Voxel Spectroscopy at the time of injury and the
subject’s performance on the Bayley III: Language Composite variable, r (4) = -.99, p <
.05. This finding suggests that the greater amount of myo-inosital found in the parietal
region of the brain at time of injury, the more likely the subjects performance on a
neurdevleopmental measure of both receptive and expressive language functioning was to
be poorer. However, there were no significant correlations that were observed between
glutamate/glutamine levels in either the parietal or occipital regions of the brain and
cognitive variables.
Additional exploratory Pearson correlation analysis was conducted to determine
the relationship between myo-inosital and glutamate/glutamine in the occipital and
parietal lobe regions of the brain and other neuropsychological domains (i.e. visuospatial,
fine motor, attention, executive functions, memory, and language functioning). There
was only one significant positive correlation that was identified between the myo-inosital
levels founds in the occipital regions of the brain collected on the Single Voxel
Spectroscopy at the time of injury and the subject’s performance on the WRAVMA:
Drawing (i.e. visual-motor integration task) subtest, r (7) = .76, p < .05. This finding
suggests that the greater amount of myo-inosital found in the occipital region of the brain
at the time of injury, the higher the performance on the visual-motor integration task.
There were no significant correlations that were found between the glutamate/glutamine
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levels in either the parietal or occipital regions of the brain and other neuropsychological
variables measured.
An exploratory correlational analysis could not be conducted to determine the
relationship between the number of hemorrhagic lesions with neurodevelopmental and
neuropsychological outcome, as only four subjects had this data available and in all these
four subjects there was no lesions present.

Hypothesis 5
Hypothesis 5 proposed an exploratory analysis to identify the associations
between regional metabolites from the left and right hemispheres as well as the frontal
and occipital regions with neurodevelopmental and neuropsychological outcomes. The
data was analyzed with the cognitive variables and other neuropsychological variables
separately in relation to the SVS and 1H-MRS neurometabolite ratios in the occipital,
frontal, and parietal regions of the brain. Data was not available for the SVS and 1HMRS variables specific to the left and right hemispheres of the brain. For the cognitive
variables, there was no significant correlation observed between any of the cognitive
variables and the SVS neurometabolite ratios in the occipital regions of the brain. There
were no significant correlations between the measures of attention, objective executive
functioning, memory, and attention and the SVS neurometabolite ratios in the occipital
regions of the brain. There was a significant positive correlation observed between the
visual-motor measure (i.e. WRAVMA: Drawing) and the level of myo-inositol in the
occipital gray matter region of the brain, r (7) = .76, p < .05. Additionally, there were
significant correlations observed between some language measures administered and
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SVS neurometabolite ratios. Specifically, there was a significant positive correlation
between the TELD-3 Receptive Language composite performance and the level of
creatine in the occipital region of the brain, r (4) = .96, p < .05. Similarly, there was a
significant negative correlation between performance on the TELD-3 Expressive
Language composite and the level of Choline/Creatine neurometabolite in the occipital
region of the brain as detected on the SVS, r (4) = - .99, p < .01. There was also a
significant negative correlation between performance on the TELD-3 Spoken Language
and the Cho/Creatine neurometabolite in the occipital region of the brain as detected on
the SVS, r (4) = - .95, p < .05. No significant correlations between the SVS
neurometabolite ratios and parent ratings on the BRIEF-P/BRIEF (i.e. measure of
executive function skills), BASC-2 (i.e. measures of emotional and behavioral
functioning), and Vineland (i.e. measure of adaptive functioning) were observed.
Pearson correlation exploratory analysis was also conducted to determine the
relationship between the SVS neurometabolite ratios in the parietal regions of the brain
and performance on the neuropsychological/neurodevelopmental measures. There were
no significant correlations observed between performances on the WPPSI-III and the
WISC-IV (i.e. measures of cognitive functioning) and SVS neurometabolite ratios in the
parietal regions of the brain. There was also no significant correlation observed between
performance on measures of visual-spatial, visual-motor, and fine motor functioning and
SVS neurometabolite ratios in the parietal regions of the brain. There was a significant
positive correlation between performance on a measure of visual attention and levels of
Creatine in the parietal region as detected on the SVS, r (3) = .99, p < .05. There were no
significant correlations observed between performances on measures of language
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functioning and SVS neurometabolite ratios in the parietal region. Further, there were no
significant correlations observed between parent ratings on the BRIEF-P/BREIF and
BASC-2 and SVS neurometabolite ratios in the parietal region. Several significant
correlations were observed between performance on the Bayley-III subscales/composites
and SVS metabolite levels in the parietal region. Namely, there was a significant
negative correlation between performance on the Bayley-III: Receptive subscale (i.e.
measure of infant/toddler’s ability to comprehend language) and level of myo-inositol in
the parietal region as detected on the SVS, r (4) = -0.99, p < .01. There was also a
significant positive correlation between the Bayley-III Receptive subscale and
NAA/Creatine levels in the parietal region as detected on the SVS, r (4) = .95, p < .05.
Additionally, there was a significant positive correlation between performance on the
Bayley-III Expressive Language subscale and NAA/Creatine levels in the parietal region
on the SVS, r (4) = .97, p < .05. There was a significant positive correlation between
performance on the overall Language composite on the Bayley-III and NAA/Creatine
levels in the parietal region on the SVS, r (4) = .97, p < .05. Further, there was a
significant negative correlation between performance on the Bayley-III Gross Motor
subscale and NAA neurometabolite levels in the parietal region on the SVS, r (4) = -.99,
p < .05.

There was also a significant negative correlation between performance on the

Bayley-III Gross Motor subscale and the NAA neurometabolite levels in the parietal
region on the SVS, r (4) = -.98, p < .05. Further, a significant negative correlation was
observed between performance on the overall Bayley-III Motor composite and NAA
neurometabolite ratios in the parietal region on the SVS, r (4) = - 0.98, p < .05. A
negative correlation was also observed between the Bayley-III Motor composite and
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Creatine levels in the parietal region on the SVS, r (4) = -.98, p < .05. A significant
negative correlation was also observed between performance on the Bayley-III Motor
Composite and NAA/Ch levels in the parietal region on the SVS, r (4) = -.97, p < 05.
Further, a significant positive correlation was observed between performance on the
Bayley-III Motor composite and Ch/Cr levels in the parietal region on the SVS, r (4) =
.96, p < .05. There was also a significant positive correlation between parent ratings on
the Vineland for the overall Communication and Motor composite and NAA/Cr levels in
the parietal region as detected on the SVS, r (6) = .93, p < .01; r (8) = .89, p < .01,
respectively.
Exploratory correlational analysis was also conducted to determine the
relationship between MRS neurometabolites by regions and performance on
neuropsychological and neurodevelopmental measures. There were no significant
correlations observed between performances on the WPPSI-III, WISC-IV, WRAVMA,
Bayley-III, and NEPSY subtests and MRS neurometabolites in the frontal gray matter
and frontal white matter regions of the brain. However, there was a significant positive
correlation between performance on the TOLD-P: 3 Speaking Quotient and MRS
NAA/Cho levels in the frontal white matter region of the brain, r (3) = .99, p < .05.
There was also a significant positive correlation between performance on the TOLD-P: 3
Semantics Quotient and the MRS NAA/Cho levels in the frontal white matter region of
the brain, r (3) = 1.00, p < .01. Additionally, a significant positive correlation was
observed between performance on the TOLD-P: 3 Syntax Quotient and MRS Cho/Cr
levels in the frontal white matter region, r (3) = 1.00, p < .05. Further, there was a
significant positive correlation observed between the TELD-3 Expressive language
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measure and MRS NAA/Cho levels in the frontal white matter region of the brain, r (4) =
.97, p < .05. There was also a significant positive correlation between performance on
the TELD-3 Spoken Language Quotient and MRS NAA/Cho levels in the frontal white
matter region of the brain, r (4) = .99, p < .05. There were no significant correlations
between parent ratings on the BRIEF-P/BRIEF and BASC-2 and MRS neurometabolites
in the frontal gray matter and frontal white matter regions of the brain.
An additional exploratory correlational analysis was conducted to determine the
relationship between MRS neurometabolites in the occipital gray matter region of the
brain detected at the time of injury and neuropsychological/neurdevelopmental outcomes.
There were no significant correlation observed between MRS neurometabolites in this
region of the brain and any of the neuropsychological/neurodevelopmental outcomes (i.e.
cognitive, visual-spatial, fine motor, visual-motor, attention, memory, executive
functioning, language, behavioral, and adaptive functioning).
An exploratory correlational analysis was conducted to determine the relationship
between MRS neurometabolites in the parietal white matter region of the brain detected
at the time of injury and neuropsychological/neurodevelopmental outcomes. There was
no significant correlation between MRS neurometabolites in the parietal white matter
region and cognitive functioning in older children, visual-spatial, visual-motor, fine
motor, memory, attention, executive, and language functioning. However, there was a
significant negative correlation observed between NAA/Cr ratios in the parietal white
matter region and parents rating on the BASC Internalizing composite, r (10) = - 0.65, p
< .05. Similarly, there was a significant negative correlation between the Cho/Cr ratios in
the parietal white matter region and parents’ rating on the BASC Internalizing composite,
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r (10) = -0.66, p < .05. There were also several significant correlations observed between
performance on the Bayley-III and neurometabolite ratios in the parietal white matter
region. Specifically, there was a significant positive correlation between performance on
the Bayley-III Receptive Language subscale and NAA/Cho neurometabolite rations in the
parietal white matter region, r (4) = 0.99, p < .01. Similarly, a significant positive
correlation was observed between the Bayley-III Expressive language subscale and
NAA/Cho neurometabolite ratios in the parietal white matter region, r (4) = .95, p < .05.
There was a significant positive correlation between performance on the overall
Language composite on the Bayley-III and NAA/Cho neurometabolite ratios in the
parietal white matter region, r (4) = .96, p < .05. Additionally, there was a significant
positive correlation between performance on the Bayley-III Fine motor subscale and
Cho/Cr ratios in the parietal white matter region, r (4) = .96, p < .05. There was also a
significant positive correlation between performance on the Bayley-III Motor Composite
and Cho/Cr ratios in the parietal white matter region, r (4) = .98, p < .05. There was also
one significant negative correlation between NAA/Cr ratios in the parietal white matter
region of the brain detected at time of injury and parents’ rating on the Vineland
Socialization composite, r (6) = -.92, p < .01.

Hypothesis 6
Hypothesis 6 proposed an exploratory analysis to identify deficits in specific
neuropsychological domains, such as visuospatial functioning, memory, attention,
executive functioning, and language functioning. Mean and standard deviations of the Zscores for each of the functional domain assessed are provided (See Table 13-20).

143

Cognitive Functioning
Mean performances on the WPPSI-III composite Z-scores ranged from the Mildly
Impaired range to Moderately Impaired range. However, performance on the WPPSI-III
for ages 2:6-3:11 ranged from Average to Below Average. Further, on the WISC-IV,
subjects’ mean performance ranged from Average to Below Average. On the Bayley III,
on measures of Cognitive functioning, performance mean was in the Average range.
Further, the overall Language composite on the Bayley-III was in the Average range. On
the Motor composite of the Bayley-III, performance mean was in the Above Average
range.

Table 13
Mean Z-scores and Standard Deviations for Cognitive Performance scores on the
Wechsler Preschool and Primary Scale of Intelligence-Third Edition (WPPSI-III).
Cognitive Measure

Mean Z-score

WPPSI-III
Verbal IQ
-1.31
Performance IQ
-1.23
Processing Speed
-2.40
FSIQ
-1.26
WPPSI-III Subtests
Block Design
-1.20
Information
-1.45
Matrix Reasoning
-1.67
Vocabulary
-2.17
Picture Concepts
-0.67
Symbol Search
-2.67
Word Reasoning
-2.00
Coding
-1.67
WPPSI-III: Ages 2:63:11
Receptive Vocabulary
-0.25
Object Assembly
-0.75
Picture Naming
-0.89
Note. Z-score normative mean = 0.00; SD = 1.00
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Standard Deviation
.91
.58
.67
.61
.89
1.18
.47

.68
.83
.84

Table 14
Mean Z-scores and Standard Deviations for Cognitive Performance scores on the
Wechsler Intelligence Scale for Children-Fourth Edition (WISC-IV).
Cognitive Measure
WISC-IV
Verbal Comprehension Index (VCI)
Perceptual Reasoning Index (PRI)
Working Memory Index (WMI)
Processing Speed Index (PSI)
Full Scale IQ (FSIQ)
WISC-IV Subtests
Block Design
Similarities
Digit Span
Picture Concepts
Coding
Vocabulary
Letter-Number Sequencing
Matrix Reasoning
Comprehension
Symbol Search

Mean Z-score

Standard Deviation

-0.70
-0.47
-0.97
-0.57
-0.78

1.74
0.66
0.23
1.08
1.35

-1.17
-1.17
-1.00
0.34
0.17
-0.34
-0.67
-0.34
-0.17
-1.17

0.23
2.12
0.95
0.94
0.71
1.89
0.47
0.47
0.71
1.18

Note. Z-score normative mean = 0.00; SD = 1.00
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Table 15
Mean Z-scores and Standard Deviations for Cognitive, Language, and Motor
Performance scores on the Bayley Scales of Infant and Toddler Development-Third
Edition (BSID-III).
Variable
Bayley III: Cognitive
Bayley III: Language
Receptive Language
Expressive Language
Bayley III: Motor
Fine Motor
Gross Motor

Mean Z-score

Standard Deviation

-0.08
-0.10
-0.17
0.00
0.65
0.42
0.67

0.57
0.42
0.43
0.27
1.37
0.74
1.66

Visuo-spatial/Visual-Motor/Fine Motor
Mean z-scores on the measure of visual-motor functioning on the WRAVMA
were in the Below Average range (M = -0.72, SD = 0.69). The mean z-scores on the
visual-spatial measures on the WRAVMA were in the Average range (M = -0.27, SD =
1.07). The mean z-scores on the measure of fine motor functioning on the WRAVMA
for both the dominant and non-dominant hands were in the Below Average range (M = 0.72, SD = 0.81; M = -0.69, SD = 1.06, respectively) (See Table 16).
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Table 16
Mean Z-scores and Standard Deviations for Measures of visuo-spatial/fine motor
functioning, Visual Attention, Memory, and Language functioning.
Variable/Measure
Visuospatial/Fine Motor
WRAVMA: Visual-Motor
WRAVMA: Visual-Spatial
WRAVMA: Fine Motor
(Dominant Hand)
WRAVMA: Fine Motor (NonDominant Hand)
Attention
NEPSY: Visual Attention
NEPSY II: Auditory Attention
Total
NEPSY II: Response Set
Combined
Memory
NEPSY II: Immediate visual
memory
NEPSY II: Delayed visual
memory
NEPSY II: Narrative memory
free recall
NEPSY II: Narrative memory
Free & Cued recall
Language
TOLD-P: 3: Spoken Language
TOLD-P: 3: Listening
TOLD-P: 3: Organizing
TOLD-P:3: Speaking
TOLD-P:3: Semantics
TOLD-P:3: Syntax
TELD-3: Receptive Language
TELD-3: Expressive Language
TELD-3: Spoken Language

Mean Z-score

Standard Deviation

-0.72
-0.27
-0.72

0.69
1.07
0.81

-0.69

1.06

-0.67
.000

0.88
2.36

1.00
-0.50

0.46

-0.89

0.51

0.42

1.83

-1.33

1.02

-1.20
-0.33
-1.73
-1.07
-1.18
-1.04
0.002
-0.50
-0.30

1.42
1.47
1.70
0.92
1.77
0.94
0.70
1.08
0.94

Note. WRAVMA = Wide Range Assessment of Visual and Motor Abilities; TOLD =
Test of Language Development; TELD = Test of Early Language Development.
Normative Z-score Mean = 0.00; Standard Deviation = 1.00

147

Attention
The mean z-score on a measure of visual attention was in the Below Average
range (M = -0.67, SD = 0.88). The mean z-score on a measure of auditory attention was
in the Average range (M = .00, SD = 2.36). There was only one subject who was given
the measure of both attention and inhibition skills due to this subject’s appropriate age
range for this measure; this subject’s performance on this measure was in the Above
Average range (z-score = 1.00) (See Table 16).

Memory
Mean z-scores on measures of immediate visual memory on the NEPSY-II were
in the Average range (M = -0.50, SD = 0.46). However, on a measure of delayed visual
memory on the NEPSY-II, mean z-scores were in the Below Average range (M = -0.89,
SD = 0.51). Mean z-scores on measures of immediate verbal memory were in the
Average to Mildly Impaired range (see Table 16).

Language
Mean z-scores on measures of language on the TOLD-P: 3 and TELD-3 were in
the Average to Mild to Moderately Impaired range. However, mean z-scores on the
TELD-3, which is administered to children of younger ages, were clinically better
compared to mean z-scores on the TOLD-P: 3. Specifically, mean z-scores on the
TELD-3 were consistently in the Average range (See Table 16).
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Executive Functioning
Mean z-scores on objective measures of executive functioning ranged from
Average to Below Average (see Table 17). On parent report measures on the BRIEF-P
and BRIEF, caregivers rated their children as having Average to Mild to Moderately
Impaired executive functioning skills. Specifically, overall Global Executive functioning
on the BRIEF-P was in the Mild to Moderately Impaired range (M = 1.62, SD = 1.75) and
overall Global Executive functioning on the BREIF was in the Average range (M = 0.27,
SD = 2.26) (See Table 17).
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Table 17
Mean Z-scores and Standard Deviations for Measures of Executive Functioning.
Variable

Mean Z-score

Standard Deviation

NEPSY: Statue
NEPSY II: Inhibition Naming
Combined
NEPSY II: Inhibition-Inhibition
Combined
NEPSY II: Inhibition-Switching
Combined
Parent report: Child’s Executive
Functioning
*BRIEF-P: Inhibit
*BRIEF-P: Shift
*BRIEF-P: Emotional Control
*BRIEF-P: Working Memory
*BRIEF-P: Plan/Organize
*BRIEF-P: Inhibitory Self-Control
(ISCI)
*BRIEF-P: Flexibility (FI)
*BRIEF-P: Emergency
Metacognition Index (EMI)
*BRIEF-P: Global Executive
*BRIEF: Inhibit
*BRIEF: Shift
*BRIEF: Emotional Control
*BRIEF: Initiate
*BRIEF: Working Memory
*BRIEF: Plan/Organize
*BRIEF: Organization of Materials
*BRIEF: Monitor
*BRIEF: Behavioral Regulation
*BRIEF: Metacognition Index
*BRIEF: Global Executive

-0.84
-0.67

0.84
0.94

-0.67

1.41

-0.33

1.34
0.53
0.59
2.12
1.50
1.18

1.32
1.51
1.52
1.54
1.82
1.53

0.63
2.02

1.58
1.69

1.62
0.80
0.17
0.34
-0.03
0.84
0.24
-0.77
-0.07
0.54
0.07
0.27

1.75
2.83
2.12
2.45
1.56
1.36
0.90
1.46
1.89
2.92
1.61
2.26

Note. Z-score Normative Mean = 0.00; Standard Deviation = 1.00.
BRIEF-P = Behavior Rating Inventory of Executive Functioning-Preschool Version;
BRIEF = Behavior Rating Inventory of Executive Functioning
* Higher scores on BRIEF/BRIEF-P measures indicate greater clinical concern.
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Hypothesis 7a
Hypothesis 7a posited that there would be a positive correlation between Parental
stress, as measured on the Parenting Stress Index (PSI) and neuropsychological deficits.
For the cognitive variables, there was a significant negative correlation between VIQ zscores on the WPPSI-III and the PSI: Child Domain, r (5) = -.89, p < .05. There was
also a significant negative correlation between VIQ z-scores on the WPPSI-III and the
PSI: Parent Domain, r (5) = -.89, p <.05. There was a significant negative correlation
between VIQ z-scores on the WPPSI-III and the PSI: Total stress, r (5) = -.91, p <.05.
Further, there was a significant negative correlation between VIQ z-scores on the
WPPSI-III and PSI: Life Stress, r (5) = -.94, p < .05 (See Table 18). These findings
suggests that the lower the performance on verbal reasoning scales on the WPPSI-III, the
greater the stress parents perceived in all areas of their life (i.e. child-related stress,
parent-related stress, total stress, and life-related stress). This finding supports the
hypothesis that the greater the deficits observed, the greater the parental stress reported.
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Table 18
Pearson Correlations of relationship between Parental Stress Index (PSI) and cognitive
functioning variables.
Variable
WPPSI-III
VIQ
PIQ
FSIQ
WISC-IV
VCI
PRI
WMI
PSI
FSIQ
Bayley-III
Cognitive
Receptive
Language
Expressive
Language
Language
Composite
Fine Motor
Gross Motor
Motor Composite

PSI: Child
Domain

PSI: Parent
Domain

PSI: Total
Stress

PSI: Life
Stress

-.89*
.57
.32

-.89*
-.37
-.36

-.91*
-.21
-.22

-.94*
-.38
-.58

1.00**
1.00**
1.00**
1.00**
1.00**

-1.00**
-1.00**
-1.00**
-1.00**
-1.00**

-1.00**
-1.00**
-1.00**
-1.00**
-1.00**

1.00**
1.00**
1.00**
1.00**
1.00**

.27
-.02

.28
.15

.65
.27

.46
-.10

.05

.32

.44

.22

.01

.22

.35

.02

-.55
-.83
-.78

.85
.97*
.98*

-.11
-.51
-.41

.23
.20
.22

* p < .05; **p <.01

Although there were significant correlations between the WISC-IV and PSI
variables, these correlations are based on a very small sample size (N = 2). However, on
the Bayley-III, there were significant positive correlations between the Bayley-III Gross
Motor scale and the PSI: Parent domain, r (4) = .97, p < .05 and between the Bayley-III
Motor Composite index and PSI: Parent Domain, r (4) = .98, p < .05. These findings
suggest that the better the performance on the gross motor scales on the Bayley-III, the
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higher the parents’ overall experienced stress on the parent-specific items of the PSI. This
finding does not support the hypothesis stated above.
Refer to Table 19. For Pearson correlations of the relationship between PSI and
visual-motor, visual-spatial, fine motor, language, attention, executive, and memory
functioning variables. As noted on Table 19, there was a significant positive correlation
between performance on the immediate visual memory task (i.e. Memory for Designs)
and overall life stress on the PSI, r (5) = .94, p < .05. This finding suggests that the better
the performance on an immediate visual memory task, the greater the stress experienced
my the parent on overall life-stress related variables. This finding does not support the
above stated hypothesis.
Due to the limited number of subjects that were included in the analysis that
observed the correlation between the language variables and PSI (N = 2), these statistics
should be interpreted with caution.
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Table 19
Pearson Correlations of relationship between PSI and visual-motor, visual-spatial, fine
motor, language, attention, executive, and memory functioning variables.
Variable

WRAVMA
Visual-Motor (Drawing)
Visual-Spatial (Matching)
Fine Motor: DH
Fine Motor: NDH
Language
TELD-III: Receptive
TELD-III: Expressive
TELD-III: Spoken Language
TOLD-P: 3: Spoken Language
TOLD-P: 3: Listening
TOLD-P: 3: Organizing
TOLD-P: 3: Speaking
TOLD-P: 3: Semantics
TOLD-P: 3: Syntax
NEPSY: Attention
Visual Attention
Auditory Attention
NEPSY: Executive
Statue
Inhibition-Inhibition
Inhibition-Naming
NEPSY: Memory
Memory for Designs
Memory for Designs (Delayed)
Narrative Memory: Free
Recall
Narrative Memory: Free &
Cued Recall

PSI: Child
Domain

PSI:
Parent
Domain

PSI: Total
Stress

PSI: Life
Stress

.46
-.06
.36
.93*

-.05
-.69
.19
.47

.10
-.56
.27
.76

.27
.84*
.42
-.06

.99*
.54
.82
1.00**
1.00**
1.00**
1.00**
1.00**
1.00**

-.16
.31
.15
-1.00**
-1.00**
-1.00**
-1.00**
-1.00**
-1.00**

.01
.46
.33
-1.00**
-1.00**
-1.00**
-1.00**
-1.00**
-1.00**

.44
-.01
.18
1.00**
1.00**
1.00**
1.00**
1.00**
1.00**

1.00**
1.00**

-1.00**
-1.00**

-1.00**
-1.00**

1.00**
1.00**

.96
1.00**
1.00**

-.12
-1.00**
-1.00**

-.08
-1.00**
-1.00**

.74
1.00**
1.00**

-.19
1.00**
.00

-.71
-1.00**
-.85

-.62
-1.00**
-.94

.94*
1.00**
-.10

.00

-.43

-.24

.03

*p < .06; **p < . 01
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Hypothesis 7b
Hypothesis 7b posted that parental stress will demonstrate a positive correlation
with social, emotional, and behavioral problems endorsed on the BASC-2, in children
with non-accident head trauma. The results revealed that there was a positive correlation
between the Parental Stress Index (PSI): Child Domain and parent’s report on
externalizing problems on the BASC-2, r (11) = .71, p < .05 (See Table 20). This finding
suggests that the greater the parental stress perceived on child-related issues, the greater
the externalizing behavioral problems they endorsed on the BASC-2.

Table 20
Pearson correlations of the relationship between PSI variables and parent report on the
BASC-2.
Variable
BASC-2:
Externalizing
Problems
BASC-2:
Internalizing
Problems
BASC-2:
Adaptive Skills

PSI: Child
Domain
.71*

PSI: Parent
Domain
-.34

PSI: Total
Stress
.14

PSI: Life
Stress
.39

.28

-.13

-.03

.39

-.76

.05

-.41

.42

* p < .05

Hypothesis 8
Hypothesis 8a posited that children with non-accidental head trauma are expected to
have significant higher behavioral and social/emotional problems endorsed by their
parents on the BASC-2 compared to the normative sample. This study revealed that the
mean externalizing problems z-score on the BASC-2 was in the Mildly Impaired range
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(M = 1.18, SD = 1.91), where higher z-scores indicate greater clinical concern or
disturbance (See Table 21). Additionally, mean internalizing problems z-scores on the
BASC-2 was in the Average range (M = 0.47, SD = 1.59). Overall mean Behavioral
Symptoms Index on the BASC-2 was in the Below Average range (M = 0.91, SD = 1.57).
As such, this hypothesis was supported primarily for the externalizing problems based on
parental perception in this population of children.

Table 21
Mean Z-scores and Standard Deviations for Measures of Child’s Behavioral Functioning
based on Parent Report on Behavior Assessment System for Children-Second Edition
(BASC-2).
Variable
BASC-2 Parent Rating Form
Hyperactivity
Aggression
Conduct Problems
Externalizing Problems
Anxiety
Depression
Somatization
Internalizing Problem
Atypicality
Withdrawal
Attention
Behavioral Symptoms Index
Adaptability
Social Skills
Leadership
Activities of Daily Living
Functional communication
Adaptive Skills

Mean Z-score

Standard Deviation

1.06
0.90
4.80
1.18
0.13
0.60
0.48
0.47
0.54
0.43
1.11
0.91
-0.59
-0.22
-0.80
-0.64
-0.49
-0.68

1.82
1.89

Note. Higher Z-score on BASC-2 indicates greater clinical concern.
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1.91
1.24
1.39
1.94
1.59
1.57
1.18
0.88
1.57
0.98
0.71
1.41
1.03
1.07
0.88

Hypothesis 9
Hypothesis 9a posited that parents or caregivers of children with non-accidental
head trauma are expected to endorse clinically significant levels of concern for executive
dysfunction in their children compared to the normative sample on the BRIEF-P and
BRIEF rating forms. As noted previously, in Table 17, on the BRIEF-P and BRIEF,
caregivers rated their children as having Average to Mild to Moderately Impaired
executive functioning skills. Specifically, overall Global Executive functioning on the
BRIEF-P was in the Mild to Moderately Impaired range (M = 1.62, SD = 1.75) and
overall Global Executive functioning on the BREIF was in the Average range (M = 0.27,
SD = 2.26).

Hypothesis 9b
Hypothesis 9b posited that there would be a positive correlation between the
Inhibit and Emotion Regulation subscales on the BRIEF and the social, emotional, and
behavioral subscales on the BASC-2. The results of this analysis revealed a significant
positive correlation between the BASC-2 Hyperactivity scale and the BREIF-P Inhibit
scale, r (10) = .79, p < .01. As such, the greater the problems with inhibition parents
endorsed their children to have, the greater problems with hyperactivity were endorsed as
well (See Table 22). Additionally, there was a significant positive correlation between
the BASC-2 Hyperactivity Scale and the BRIEF-P Emotional Control subscale, r (10) =
.72, p < .05. As such, the greater the problems with emotional control parent endorsed
their children to have, the greater problems with hyperactivity were endorsed as well.
Additionally, there was a significant positive correlation between BASC-2 Externalizing
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problems and the BRIEF-P Inhibit scale, r (10) = .77, p < .01. As such, the greater the
problems with inhibition parents endorsed their children to have, the greater problems
with overall externalizing behaviors parents endorsed as well. There was also a
significant positive correlation between the BRIEF-P Emotional Control scale and the
BASC-2 Externalizing problems scale, r (10) = .73, p < .05. As such, the greater the
problems with emotional control parents endorsed their children to have, the greater
problems with overall externalizing behavioral problems parents endorsed as well. It was
also noted that there was a significant positive correlation between the BRIEF-P
Emotional Control subscale and the BASC-2 Depression subscale, r (10) = .73, p < .05.
As such, the greater the problems with emotional control parents endorsed their children
to have, the greater the depressive symptoms they observed their children to have as well.
Further, there was a significant positive correlation between the BASC-2 Attention
subscale and the BRIEF-P Inhibit subscale, r (10) = .66, p < .05. As such, the greater the
problems with inhibition parents endorsed their children to have, the greater the problems
with attention that were observed in their children as well. There was a significant
negative correlation between the BASC-2 Adaptability subscale and the BRIEF-P
emotional control subscale, r (10) = -.81, p < .01. Of note, lower scores on the
Adaptability subscale, the greater the problems were endorsed. As such, the greater the
problems with emotional control that parents endorsed, the greater concern they endorsed
for their child’s ability to adapt to different situations. There was also a significant
negative correlation between the BASC-2 social skills subscale and the BRIEF-P Inhibit
subscale and the BRIEF-P Emotional Control subscale, r (10) = -.73, p < .05; r (10) = .72, p < .05, respectively. Again, lower scores on the social skills subscale indicate
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greater problems. As such, the greater the problems with inhibition and emotional
control parent endorsed their children to have, the greater problems with social skills
were observed. There was also a significant negative correlation between the BASC-2
Functional Communication subscale (lower scores on the Functional Communication
scale indicate greater concerns) and the BRIEF-P Inhibit subscale, r (9) = -.67, p < .05.
As such, the greater the problems with inhibition parents endorsed the greater concern for
functional communication they reported. Finally, there was a significant negative
correlation between the BASC-2 Adaptive skills subscale (lower scores on the Adaptive
skills scale indicate greater concern) and the BREIF-P Inhibit and Emotional Control
subscales, r (9) = -.75, p < .05; r (9) = -.81, p < .01, respectively. As such, the greater the
problems with inhibition and emotional control parents endorsed, the greater problems
with adaptive skills they observed in their children.
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Table 22
Pearson Correlations for the relationship between Inhibit and Emotion Regulation
subscales on the BRIEF-P and BRIEF and the social, emotional, and behavioral
subscales on the BASC-2.
Variable

BREIF-P:
Inhibit Z-score

BREIF-P:
Emotional
Control Z-score

BRIEF: Inhibit
Z-score

BRIEF:
Emotional
Control Z-score

BASC-2:
Hyperactivity
BASC-2:
Aggression
BASC-2:
Conduct
BASC-2:
Externalizing
Problems
BASC-2:
Anxiety
BASC-2:
Depression
BASC-2:
Somatization
BASC-2:
Internalizing
BASC-2:
Atypicality
BASC-2:
Withdrawal
BASC-2:
Attention
BASC-2:
Behavioral
Symptoms Index
BASC-2:
Adaptability
BASC-2: Social
Skills
BASC-2:
Leadership
BASC-2:
Activities of
Daily Living

.79**

.72*

1.00**

1.00**

.53

.54

1.00**

1.00**

--

--

--

--

.77**

.73*

1.00**

1.00**

.03

-.09

--

--

.60

.73*

1.00**

1.00**

.28

.44

1.00**

1.00**

.36

.46

1.00**

1.00**

.47

.50

1.00**

1.00**

.49

.53

1.00**

1.00**

.66*

.52

1.00**

1.00**

.65

.66

1.00**

1.00**

-.61

-.81

1.00**

1.00**

-.73*

-.72*

1.00**

1.00**

--

--

1.00**

1.00**

-.45

-.49

--

--
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Table 22. Continued
BASC-2:
Functional
Communication
BASC-2:
Adaptive Skills

-.67*

-.58

--

--

-.75*

-.81*

1.00**

1.00**

* p < .05; ** p < .01
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CHAPTER FIVE
DISCUSSION
While attempts were made to recruit participants for this study, only 13 subjects
participated in the study. Despite the two-year window of time for data collection few
subjects actually participated in this study. Several variables appear to be responsible for
the small participant ration. Specifically, this is a high-risk population of children, who
often are discharged from the hospital setting following their injury to temporary
placements such as foster homes or the homes of other family members. Following their
recovery period, other placements may be identified (e.g. mean number of previous foster
placements was two) and consequently contact information may change between the time
of hospitalization to the time the families were contacted for participation in this study.
Another contributing factor that may explain the small subject pool in this study is low
socioeconomic status of the subject pool that impacts their ability to commit to an
appointment for a full neuropsychological evaluation. The mean level of parent
education was a high school degree and the mean family gross income was under
$50,000, with a mean of five people living in the home.
To summarize the demographic and follow-up neurology exam variables, at the
completion of this study there were approximately equal numbers of males and females
in the study, with a majority ethnicity that was Hispanic. Many of the families had been
involved with the Department of Child and Family Services. The follow-up neurological
examination revealed that most of the children were within normal limits for their speech,
eye opening, motor movements, total GCS, sensory and deep tendon functions, and
vision responses.
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In terms of the clinical/neurological variables, the mean age in months when the
MRS data was collected was approximately 7 months and the mean GCS score at the
time of injury was in the Moderate range. The majority of the participants were not
intubated at the time of injury, did not have any fractures, and did not have
cardiopulmonary arrest. On the hand, approximately half of the participants had bruising
and a majority had a retinal hemorrhage present at the time of injury. The MRS data
collection at the time of injury revealed that only one of the subjects had lactate present.

Clinical Variables and Neuropsychological and
Neurodevelopmental Outcomes
The first hypothesis analyzed the relationship between clinical variables such as
age at time of injury, and duration of time since injury and
neuropsychological/neurodevelopmental outcomes in children with non-accidental head
trauma. Specifically, Hypothesis 1a posited that there would be a negative correlation
between age at time of injury with neurodevelopmental and neuropsychological deficits.
While significant negative correlations were observed between age at time of injury and
performance on the VCI, PRI, WMI, PSI, and FSIQ on the WISC-IV (i.e. a cognitive
functioning measure), these correlations are interpreted with caution given the very small
sample size for this analysis. However, it was also observed that there was a significant
positive correlation between age at time of injury and performance on the TELD-III (a
measure of language functioning in children between the ages of 2 years and 7 years, 11
months) Spoken Language quotient. This finding suggests that the greater the age at time
of injury, the better the performance on the Spoken Language/Expressive Language
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measure on the TELD-III. The older the children were at the time of injury, the more
likely they were to retain or acquire more age-appropriate expressive language skills.
This finding is consistent with some previous findings that children are capable of
preserving some of their language skills after a closed head injury, regardless of the age
at the time of their injury (Chapman & McKinnon, 2000). Further, it is also likely
explained by other studies that suggest that children who are older at time of injury have
better developed language skills compared to children who are younger and have not
consolidated many of their language skills yet (Levin, Song, Ewing-Cobbs et al., 2001).
Additionally, the results of hypothesis 1a revealed that there was a significant
positive correlation between age at time of injury and performance on a measure of
executive function that specifically examines a child’s capacity for inhibition. The
greater the age at time of injury indicated better performance on a measure of inhibition.
Previous studies suggest that children with TBI demonstrated impairments in socialbehavioral regulation (Dennis, Guger, Roncadin, Barnes & Schachar, 2001). Inhibition
skills are often involved in several aspects of social-behavioral functioning. These
findings suggest that greater age is a protective factor for children recovering from a TBI,
as it relates to their ability to inhibit their impulses and consequently their socialbehavioral functioning as well. Further, this finding is also consistent with studies that
demonstrate that children with an acquired TBI at a younger age have greater executive
function deficits (Slomine, Gerring, Marco et al., 2002), likely due to this skill being less
well developed or mature in younger children. Specifically, the cerebral structures in
children and neuronal connections, particularly in the prefrontal cortex, are less
developed in younger children and there is a rapid development in the prefrontal regions
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during infancy and preschool ages until these regions reach maturity during late
adolescence (Chugani, Phlips, & Mazziotta, 1987; Hudspeth & Pribram, 1990;
Huttenlocher & Dabholkar, 1997; Klinberg, Viadya, Gabriel, Moseley, & Hedehus, 1999;
Jacobs, Harvey, & Anderson, 2010). This hierarchical development in children until they
develop more mature and complex skills (e.g. inhibition skills and other executive
function skills), likely explains why age serves as a protective factor as it relates to
inhibition skills in the current study.
Hypothesis 1b posited that there would be a negative correlation between duration
of time since injury and neurodevelopmental and neuropsychological deficits. The results
of this hypothesis revealed a significant negative correlation between time since injury
and VIQ performance on the WPPSI-III, suggesting that the greater the time since injury,
the lower children performed on the WPPSI-III VIQ scale. Additionally, there was a
significant negative correlation between time since injury and performance on the Bayley
III Cognitive and Expressive Language subscales, suggesting again that the greater the
time since injury, the lower the performance on the Bayley III. These were interesting
findings, given that it was expected that greater time since injury and greater time for
recovery would reflect higher performances on cognitive measures. However, previous
studies have demonstrated that even in long-term follow up studies among children who
have had a past TBI, more significant improvements have been observed on measures of
nonverbal reasoning compared to measures of verbal reasoning over time (Massagli, et
al., 1996). Further, opposing theorist for the plasticity model argue that damage that
occurs during early childhood years cause significant disruptions to normal development
and because younger children have had little opportunity to solidify and consolidate their
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development skills, significant impairments with cognition and language persist despite
having a period of time to recover from the injury (Anderson, Catroppa, et al., 2000).
Another possible explanation for this finding may be related to studies that suggest that
developmental deficits in younger children following a traumatic brain injury do not
become apparent until developmental demands are increased and once cognitive
processes are expected to be fully developed (Taylor & Alden, 1997; Anderson, 1998;
Chevignard, Toure, Brugel, Poirier, Laurent-Vannier, 2009). However, results also
revealed a significant positive correlation between time since injury and performance on
an executive function measure of inhibition skills. This finding suggests that the greater
the time since injury, the more likely children were able to inhibit their behavioral
impulses, suggesting more recovery time may allow children to develop more age
appropriate inhibition/executive function skills. This finding may be due to studies that
suggest that skills that are in a rapid state of development or more immature relative to
other developing skills at the time of injury are more vulnerable to a traumatic brain
injury (Dennis, 1989) and likely benefit more from greater time for the recovery process.
Therefore, the current study demonstrates that greater age at time of injury and greater
time since injury serves as a protective factor as it relates to inhibition skills in this
population of children.
Hypothesis 1c predicted a negative correlation between GCS score at time of
injury and neurodevelopmental and neuropsychological deficits. The results of this
analysis revealed a significant positive correlation between the child’s initial GCS score
and their fine motor functioning on the Bayley III, suggesting the higher the initial GCS
score at time of injury, the greater the performance on a measure of fine motor skills in
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toddlers. While this finding did support the hypothesis, few studies have specifically
examined clinical variables, particularly GCS, and their relationship to fine and gross
motor outcomes in children with non-accidental trauma. However, one previous study
(Enriquez, 2005) found large and significant positive correlations as well between the
Bayley Psychomotor scores and initial GCS score. Generally, studies that have examined
GCS as a predictor of functional outcome have demonstrated that GCS as a single clinical
variable has limited value as it relates to functional outcomes following a traumatic brain
injury (Zafonte, Hammond, Mann, Wood, Black, Millis, 1996). Nonetheless, this is an
interesting finding from the current study and should be examined in other studies to see
if similar results can be replicated.
There was not enough data for the remaining clinical variables hypothesized (i.e.
Hypothesis 1d-1f) to be examined in relation to neuropsychological and
neurodevelopmental outcomes. Future studies should examine the relationship between
EEG findings at the time of injury, presence of non-reactive pupils, and duration of
impaired consciousness at injury with neuropsychological and neurodevelopmental
outcomes.
Previous studies that have examined clinical variables as they relate to functional
outcomes have demonstrated injury severity and injury age being strong predictors of
outcome, particularly for measures of cognitive flexibility, with higher scores being
associated with older injury age and less severe injury (Nadebaum, et al., 2007). On the
other hand, there are other studies that demonstrate that despite factors such as
developmental plasticity, recovery from a traumatic brain injury in younger children is
poor (Anderson & Moore, 1995; Anderson, Morse, Catroppa, Haritou, & Rosenfeld,
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2004; Dennis, 2000; Pfenninger & Santi, 2002) due to variables such as maturational
stage of the brain system and integrity of neuronal circuits at a younger age (Chapman &
McKinnon, 2000). Further, injury severity predicted a great degree of variance on
measures of goal setting and information processing speed (Nadebaum, et al., 2007). The
current study only demonstrated a significant association between age at time of injury
and performance on language and inhibition skills in this population, suggesting that age
was a protective factor as it relates to these functional skills. However, it is still plausible
that younger age at time of injury could be protective factor for other functional skills.
This hypothesis should be explored further in future studies.

Clinical Variables Combined with 1H-MRS metabolites
Hypothesis three examined the relationship between clinical variables combined
with 1H-MRS metabolites as a predictor of outcome post-injury. Specifically, analysis 3a
revealed a significant positive correlation between age at time of injury and total average
NAA/Cho metabolite ratios. The greater the age at time of injury, the higher the total
average NAA/Cho ratios were found to be at time of injury. On the other hand, there was
a significant negative correlation between age at time of injury and total average Cho/Cr
metabolite ratios, indicating the greater the age at time of injury, the lower the total
average Cho/Cr metabolite ratios were at time of injury. Previous studies have
demonstrated increased Cho/Cr ratio levels following pediatric TBI (Yeo, et al., 2006).
This current study demonstrated that with increased age at time of injury, there were
lower levels of Cho/Cr following the non-accidental head trauma. Further, this finding
may be related to previously discussed theories that argue children who are older at time
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of injury have better recovery outcomes, since increased Cho/Cr ratios have been found
to be associated with poor outcomes (Holshouser. Ashwal, Luh, et al., 1997; Yeo, et al.,
2006).
Further, there was a significant positive correlation between initial GCS score and
total average Cho/Cr metabolite ratios, indicating the higher the initial GCS score at time
of injury, the higher the Cho/Cr total average metabolite ratios were. This finding was
surprising, given that previous studies have found increased Cho/Cr levels associated
with other variables such as severity of injury and duration of the coma, as well as with
overall poor neurological outcomes (Holshouser, Ashwal, Luh, et al., 1997; Yeo et al.,
2006). However, other studies have also not found consistent findings associated between
single-voxel OGM and PWM Cho and Cre or with MRS Cho/Cre metabolites and
cognitive outcomes (Babikian, Freier, Ashwal, Riggs, Burley, & Holshouser, 2006).
Further, as previously discussed, GCS score at time of injury as a single variable has not
been found to be a strong or valuable clinical variable in relation to outcomes among
individuals with traumatic brain injury in other studies (Zafonte, et al., 1996). Therefore,
the current association should be interpreted with caution as well.
To examine Hypothesis 3b, when linear regression models were completed to
identify how well clinical and 1H-MRS variables predicted different functional outcomes,
there were no significant models. Many of the models accounted for a significant degree
of variance that explained the neuropsychological and neurodevelopmental outcomes;
however, none of the models reached statistical significance likely due to the limited
sample size for these models.

169

Further, the presence of lactate was analyzed for Hypothesis 3c to determine if
children who had lactate present at time of injury had different outcomes compared to
children who did not demonstrate evidence of the presence of lactate at time of injury.
There was no statistically significant difference between children who had lactate present
and those who did not on measures of intellectual/cognitive functioning at follow-up.
Additionally, there was no statistically significant difference between children who had
lactate present and those who did not on measures of visuo-motor, fine motor, immediate
visual memory, or verbal memory functioning. However, there was a statistically
significant difference between children who had lactate present at time of injury and
those who did not on a measure of visual-spatial functioning. This finding revealed that
the group of children who did not have lactate presence performed significantly lower
compared to the group of children who did have lactate present. This finding was
inconsistent with previous studies that have demonstrated that lactate is a significant
predictor of poor outcomes and accounts for greater variance in outcome (Ashwal et al.,
2000). However, it was noted that while statistical significant was observed between
performances between the groups, the difference was not clinically significant (i.e.
children who had did not have lactate present still performed within one standard
deviation from the norm). Further, there was only one subject who had lactate present;
therefore, this finding should be interpreted with caution.

170

Myo-Inosital and Glutamate/Glutamine and Neuropsychological and
Neurodevelopmental Outcome
Hypothesis four conducted an exploratory analysis to determine the relationship
between myo-inosital, glutamate/glutamine, and number of hemorrhagic lesions with
neurodevelopmental and neuropsychological outcome. On measures of
cognitive/intellectual performance there was a significant negative correlation between
myo-inosital ratios in the parietal region of the brain on the SVS imagining and
performance on the Bayley III: Language Composite variable, indicating that the greater
the amount of myo-inosital found in the parietal region the poorer the performance on
measures of both expressive and receptive language on the Bayley-III. This finding was
consistent with previous studies that have demonstrated significant relationships between
OGM and PWM myo-inosital levels and performance on overall cognitive measures (i.e.
FSIQ), with higher myo-inosital levels associated with poorer performance on the FSIQ
(Babikian, et al., 2006). Further, damage in the parietal region of the brain has been
associated with impairments with language functions (Kandel, Schwartz, & Jessel, 1991).
As such, the current findings along with other studies (Babikian, et al., 2006) support the
hypothesis that myo-inosital may be a marker for poor outcomes and further
demonstrates that the increased presence of myo-inosital in the parietal region of the
brain may explains why subjects in this study demonstrated poorer performance on
language measures on the Bayley-III.
On the other hand, a surprising finding was the significant positive correlation
between the myo-inosital levels found in the occipital regions of the brain on the SVS
imagining and performance on a measure of visual-motor integration skills. This finding
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was not consistent with the study discussed previously, as it did not support the
hypothesis that myo-inosital is associated with poor outcomes. However, this may
suggest that the effects of myo-inosital may be more salient depending on the region of
the brain and also depending on the functional skill being evaluated (e.g., may be
associated with greater cognitive or language impairments, but less adverse effect on
visual-motor skills). Further, this finding may be due to the specific region observed (i.e.
occipital region of the brain), as this region does not directly correlate or have much
involvement with an individual’s visual-motor skills.

SVS and 1H-MRS Regional Metabolites & Neuropsychological
Outcomes
Hypothesis five conducted an exploratory analysis to identify associations
between regional metabolites in the frontal and occipital regions detected at time of
injury and neurodevelopmental and neuropsychological outcomes. There was a
significant positive correlation observed between the visual-motor measure (i.e.
WRAMA: Drawing) and the level of myo-inosital in the occipital gray matter region of
the brain, indicating that the greater the level of myo-inosital in this region of the brain
detected, the higher the performance on the visual motor measure.
A previous study has demonstrated a negative correlation between the level of
myo-inosital in the occipital gray matter and parietal white matter regions of the brain
and performance on overall cognitive functioning (i.e. FSIQ) (Babikian, Freier, Ashwal,
Riggs, Burley, & Holshouser, 2006). Similarly, this study also found a negative
correlation between the overall neuropsychological index (NPI) and myo-inosital found

172

in the occipital gray matter (OGM) region of the brain and parietal white matter region of
the brain (PWM) (Babikian, et al., 2006). This difference in the current findings from
previous findings may be partly explained by the measures that comprise the single NPI
used in the previous study, which is a composite of various neuropsychological measures
including FSIQ, verbal memory, nonverbal memory, attention/information processing,
problem solving/executive skills, visual-perceptual abilities, language skills, academic
achievement, and motor skills (Babikian, et al., 2006). As such, the current finding may
suggest unique properties about visual-motor functioning, specifically measured utilizing
the WRAVMA and should be explored further in future studies.
Exploratory correlational analysis also revealed a significant positive correlation
between performance on the TELD-3 Receptive Language composite and level of
Creatine in the occipital region of the brain. Further, the current study also demonstrated
a significant positive correlation between performance on a measure of visual attention
and levels of Creatine in the parietal region of the brain as detected on the SVS. Previous
studies have not demonstrated consistent findings between SVS OGM and PWM Cho
and Cre with cognitive or other neuropsychological outcomes (Babikian, et al, 2006);
therefore, it is difficult to determine the implications of the current findings. However,
possible explanations are that Creatine may have a role in outcomes that require visuallybased skills that are localized in the parietal and occipital regions of the brain.
Specifically, receptive measures on the TELD-3 and measures of visual attention both
require either visual acuity or visual-perceptual/ visual-spatial skills and a child with
deficits with these skills may have compromised acquired receptive language or visual
attention skills as well. Therefore, based on the current findings, Creatine has been found
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to be associated with positive outcomes on tasks that are more visually-based. However,
since the nature of the current study is correlational and not causational, future studies
should continue to explore the significance of Creatine in children with non-accidental
head traumas and long term neuropsychological functioning.
Several significant associations were found for Cho/Cre ratios detected on the
SVS and neuropsychological outcome. However, given that this analysis was an
exploratory analysis, the correlations observed do not necessarily have direct correlations
between functional domain and cortical areas. Specifically, there was a significant
negative correlation between performance on the TELD-3 Expressive Language
composite and level of Cho/Cre in the occipital region of the brain on the SVS. Similarly,
there was a significant negative correlation found between performance on the overall
TELD-3 Spoken Language quotient and Cho/Cre neurometabolite ratios in the occipital
region of the brain detected on the SVS. Previous studies have again demonstrated
variable findings about Cho and Cre ratios in children with traumatic brain injuries.
Specifically, some studies have demonstrated Choline has a tendency to increase post
injury (Suskauer & Huisman, 2009; Parry et al., 2004, Walz et al., 2008, Yeo et al., 2006,
Friedman et al., 1998, Holshouser et al., 2006; Garnett et al., 2001), while other studies
have not demonstrated a significant association between Cho and Cre and
neuropsychological or cognitive functioning (Babikian, et al., 2006). As discussed
previously, while the correlations observed do not necessarily demonstrate direct
correlations between functional domain and area of the cortex, the observed correlations
likely do suggest Cho/Cre does play a role in understanding outcomes in this population
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and may suggest possible damage in other areas of the cortex given the diffuse damage
that generally results from non-accident head trauma in children.
Interestingly, there were several significant associations found between
performance on the Bayley-III and neurometabolite ratios detected on the SVS.
Specifically, there was a significant negative correlation between performance on the
Bayley-III Receptive subscale and level of myo-inosital in the parietal region on the SVS.
The better the performance on a measure of receptive language functioning on a
neurodevelopmental measure, the lower the level of myo-inosital in the parietal region
that was detected at time of injury. As discussed previously, this finding is consistent
with studies that have also demonstrated a negative between OGM and PWM myoinosital levels and neuropsychological and cognitive functioning (Babikian, et al., 2006).
Further, there was a significant positive correlation between the Bayley-III Receptive
language, expressive language, and overall/composite language scales and NAA/Creatine
levels detected in the parietal regions on the SVS. This finding is similar to a previous
study that demonstrated a strong positive correlation between overall performance on
language measures and NAA/Cre ratios (Yeo et al., 2006). Babikian, et al. (2006) also
demonstrated positive correlations between NAA/Cre ratios and FSIQ and overall NPI
functioning. However, interestingly, there was a significant negative correlation between
performance on the Bayley-III Gross Motor subscale and NAA neurometobolite ratios in
the parietal region of the brain as detected on the SVS. Additionally, there was a
significant negative correlation between the Bayley-III Motor composite and Creatine
levels in the parietal region detected on the SVS. Further, there was a significant
negative correlation between performance on the Bayley-III Motor composite and
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NAA/Ch ratios in the parietal region detected on the SVS. On the other hand, there was a
significant positive correlation between performance on the Bayley-III Motor Composite
and Ch/Cr levels in the parietal region as detected on the SVS. Previous studies have not
specifically examined the association between NAA and gross and fine motor
functioning; therefore, this finding should be explored further in future studies. As
previously discussed, these results do not necessarily represent direct correlations
between cortical area and functional domain measured, but provide some results about
the role of NAA and possibilities of its involvement in other areas of the cortex where
MRS data was not collected, given the diffuse nature of the injuries these subjects present
with.
Exploratory correlational analysis did find a significant positive correlation
between parent ratings on the Vineland for subjects’ overall Communication and Motor
skills and NAA/Cr levels in the parietal region detected on the SVS at time of injury.
This finding is consistent with a previous study that also demonstrated a significant
positive correlation between SVS OGM and POWM NAA/Cre ratios and overall NPI
functioning (Babikian, et al., 2006).
There were also several significant associations found between
neuropsychological performance/outcome and neurometabolite ratios detected on the
MRS at time of injury. Namely, there was a significant positive correlation between
performance on the TOLD-P: 3 Speaking and Semantics Quotients and MRS NAA/Cho
levels in the frontal white matter regions of the brain. There was also a significant
positive correlation observed between performance on the TOLD-P: 3 Syntax Quotient
and MRS Cho/Cr levels in the frontal white matter region. A significant positive
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correlation was also observed between the TELD-3 Expressive language measure and
MRS NAA/Cho level sin the frontal white matter region. Additionally, there was a
significant positive correlation between performance on the TELD-3 Spoken Language
Quotient and MRS NAA/Cho levels in the frontal white matter region. Other significant
positive correlations were found between performance on the Bayley-III Receptive,
Expressive, and overall language scales and NAA/Cho ratios in the parietal white matter
region as detected on the MRS. Babikian et al. (2006) also demonstrated significant
positive correlations between NAA/Cho levels and intellectual and neuropsychological
functioning. There was also a significant negative correlation between NAA/Cr in the
parietal white matter region and parent ratings on the BASC Internalizing Problems scale
(i.e. higher scores on the BASC Internalizing Problems scale indicates greater degree of
problems). However, surprisingly, there was a significant negative correlation between
NAA/Cr ratios in the parietal white matter region of the brain on the MRS and parents’
rating on the Vineland Socialization composite.
Exploratory correlational analysis also revealed a significant positive correlation
between the Bayley-III Fine motor and overall motor scale and Cho/Cr ratios in the
parietal white matter region. As noted previously, there have not been consistent findings
with Cho/Cr ratios and neuropsychological outcomes (Babikian, et al., 2006); therefore,
this finding should be explored further in future studies as well.
In summary, many significant associations were found when examining SVS and
1

H-MRS neurometabolite ratios in different cortical regions in relation to

neuropsychological outcomes. Some of the associations observed in this study did not
directly correlate with the cortical region observed; however, are likely suggestive of the
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significant role these measured neurometabolites play in the recovery trajectory. While
there are previous studies that have also examined the role of these neurometabolites in
the recovery from traumatic brain injuries, many findings are still inconsistent and
considered preliminary. The current study found some results that are consistent with
previous studies; however, further studies are needed that examine the role of these
neurometabolites and how well they predict neuropsychological/functional outcomes in
children with these diffuse and severe head traumas.

Neuropsychological & Neurodevelopmental Outcomes: Cognitive Performance
(WPPSI-III, WISC-IV, Bayley-III)
The participants in this study performed in the Average to Below Average range
on a measure of cognitive/intellectual functioning for younger children (i.e. ages 2:63:11). Similarly, the older children in the study also performed in the Average to Below
Average range on measures of cognitive functioning. Interestingly, performance on the
Cognitive subscale of the Bayley-III, which is administered to the toddlers who
participated in this study, was overall in the Average range. Performance on the
Language composite of the Bayley-III was also in the Average range and performance on
the Motor composite was in the Above Average range in this sample. Previous studies
have demonstrated some similar findings in children and infants with inflicted traumatic
brain injuries. Specifically, studies have demonstrated that children with inflicted
traumatic brain injuries have significant cognitive delays at least one year post the date of
their injury, mostly performing in the mentally deficient range on cognitive measures and
about 25% performing in the mentally deficient range for motor testing as well (Ewing-
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Cobbs, Kramer, Prasad, Canales, Louis, Fletcher, Vollero, Landry, Cheung, 1998). On a
different study that examined cognitive functioning in infants and toddlers with inflicted
traumatic brain injuries using the BSID-II, significant impairments in cognitive
performance were also observed (i.e. below 1st percentile) (Barlow, et al., 2005).
However, current findings did not demonstrate significant cognitive, motor, or language
delays when the Bayley-III was utilized, which may be related more specifically to the
sensitivity and specificity of the Bayley-III rather than the sample itself. Future studies
should explore how children with non-accident trauma perform on the Bayley-III relative
to other neurodevelopmental measures, given that this is still a fairly new measure.
Further, the Bayley-III measures skills that are more concrete rather than abstract skills
that are assessed later in life on cognitive measures. As such, it is possible that children
who perform well on the Baley-III scales may do poorly later in life on measures of more
abstract reasoning skills.

Visual-Spatial/Visual-Motor/Fine Motor Functioning
Mean performance scores on a measure of visual-motor functioning was in the
Below Average range for subjects in this study. On a measure of visual-spatial
functioning, mean performance was in the Average range. Additionally, on a measure of
fine-motor functioning for both dominant and non-dominant hands, mean performances
was in the Below Average range. The below average range scores on these visually
based measures may be explained by the documented problems with visual-perceptual
impairments in children with traumatic brain injuries. For instance, Mckenna, Cook,
Fleming, Jefferson, & Ogden (2006) have demonstrated in their study that among
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individuals with severe traumatic brain injuries, visual-perceptual impairments are often
observed, including impairments with unilateral neglect, body scheme, and constructional
skills. These visual-spatial or visual-perceptual impairments should be carefully
considered in the educational programming and treatment planning for children, as visual
impairments can significant impact their development, learning, and social attainment
(Kivlin, Simons, Lazoritz, & Ruttum, 2000; Wilkerson, Han, Rappley, Owings, 1989;
McCabe, Donahue, 2000).

Attention
Mean performances on measures of visual attention was in the Below Average
range, while mean performance on a measure of auditory sustained attention was in the
Average range. Previous studies have variable findings in regards to attentional
functioning in children with traumatic brain injuries. For instance, Nadebaum, Anderson,
& Catroppa (2007) did not find any significant differences between a comparison group,
mild, moderate, and severe pediatric TBI groups on a measure of sustained attentional
control. However, other studies have demonstrated significant attention deficits in
children with traumatic brain injuries. Specifically, other studies have demonstrated
significantly higher levels of commission errors on measures of sustained attention and
elevated hyperactivity problems being reported (Timmermands & Christensen, 1991),
and impaired divided attention and response inhibition (Anderson, Fenwich, Manly et al.,
1998). As such, the current findings may be related to problems with inhibitory control,
which can impact one’s sustained attention. Further, because visual-spatial difficulties
were observed in the current study for these participants, these deficits may have also
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impacted their performance particularly for the task that measured visual sustained
attention.

Memory
Mean performances on measures of visual memory were slightly variable, with
mean Average performance on measures of immediate visual memory and mean Below
Average performance on measures of delayed visual memory.

On a measure of verbal

memory, mean performance was in the Average to Mildly Impaired range. Similarly,
other studies have demonstrated that children with traumatic brain injury perform
significantly lower on measures of verbal and nonverbal measures of immediate recall
and delayed recall of verbal memory (Lowther & Mayfield, 2004). Other studies have
also demonstrated that in children with moderate to severe closed head injuries have
deficits in verbal learning, delayed recall, and recognition compared to controls (Farmer,
Haut, Williams, Kapila, Jonstone, & Kirk, 1999; Levin, Culhane, Fletcher, Mendelsohn,
Lilly, Harward, Chapman, Bruce, Bertolino-Kusnerik, & Eisenberg, 1994; Yeates,
Blumenstein, Patterson, & Delis, 1995). Current findings suggest that children with nonaccident head injuries also present with significant weaknesses primarily with delayed
visual memory and with verbal memory. Several variables may contribute to these
findings, including the visual-spatial and sustained attention deficits identified in this
sample. Children with non-accidental head trauma should have comprehensive
neuropsychological evaluations regularly that monitor their performance in these
different functional domains to provide accommodations in areas where they experience
greater deficits.
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Language
Mean performances on measures of language functioning were variable ranging
from the Average to Mild to Moderately Impaired range. Interestingly, mean
performances on measures of language functioning in younger children were consistently
in the Average range. This finding is consistent with previous findings that demonstrate
mild to severe/profound speech and language difficulties in children with inflicted
traumatic brain injuries, including dyspraxic dysarthria without evidence of corticospinal
tract or cerebellar or bulbar involvement but with evidence of cognitive impairment,
moderate to severe or profound speech and language delay associated with cognitive
impairment and marked behavioral abnormalities, and paucity of speech (Barlow,
Thomson, Johnson, & Minns, 2005). The current findings suggest that the younger
children performed better on measures of language functioning, which may again be
related to previous studies suggesting impairments/deficits are not identified until
developmental demands are increased or more complex (Taylor & Alden, 1997;
Anderson, 1998; Chevignard, Toure, Brugel, Poirier, Laurent-Vannier, 2009). Therefore,
even if children with non-accidental trauma seem to demonstrate adequate language skills
during initial follow-up, continuous monitoring of their language functions is imperative.

Executive Functioning
On objective measures of executive functioning, mean performances ranged from
Average to Below Average. However, on report measures completed by the parents,
more significant impairments were reported with mean scores ranging from Average to
Mild to Moderately Impaired executive functioning skills. More specifically, children’s
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inhibition skills, working memory skills, and ability to plan and organize task demands
were noted to have the greatest degree of impairments noticed/reported by parents.
Similar findings have been found in studies that examine a child’s performance on
objective measures of executive functioning after traumatic brain injuries. For instance,
Nadebaum, et al. (2007) found that children had problems with cognitive flexibility, goal
setting, and information processing if they had a severe TBI. Further, similar to the
findings in this study on a parent report measure (i.e. BRIEF) of their child’s executive
functioning skills following a TBI, parents endorsed clinically significant problems with
executive function skills (Nadebaum, et al., 2007). While the current findings suggest
several significant executive function difficulties in the home environment, future studies
should gather similar information from teachers of children who have a history of nonaccident head trauma to better understanding how these difficulties also impact their
learning and academic functioning in a more demanding yet structured environment.

Parental Stress and Neuropsychological/Neurodevelopmental
Outcome
Hypothesis seven examined the relationship between neuropsychological outcome
and parental stress. The results of this study revealed a significant negative correlation
between child-related parental stress and the child’s performance on the VIQ on the
WPPSI-III. As such, the lower the performance on a measure of verbal reasoning in
younger children in this study, the greater experienced parental stress as it relates to their
child. Interestingly, similar findings were revealed for parent-related stress. Specifically,
there was a significant negative correlation between parent-related stress and the child’s
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performance on the VIQ on the WPPSI-III. The lower the performance on a measure of
verbal reasoning in younger children in this study, the greater experienced parental stress
as it relates to parent-specific stress. Additionally, there was a significant negative
correlation between performance on the VIQ on the WPPSI-III and total stress and
overall life parents reported, such that the lower the performance on a measure of verbal
reasoning skills, the greater the total stress and life stress perceived by parents. This
finding was expected, given that previous empirical studies have demonstrated that
among parents of children with traumatic brain injuries there are often feelings of distress
and guilt they experience, for how the child acquired the injury and the due to the
neuropsychological deficits that their children have following the injury (Hawley, et al.,
2003). Further, there was a significant positive correlation between the child’s
performance on the gross motor scales on the Bayley-III and overall parent-related stress
items. This finding may be due to parents not experiencing a great deal of distress when
their child demonstrates slight gross motor development delays, whereas greater distress
is experienced by parents that impacts other areas of their life when their child
demonstrates more cognitive-related delays.
In terms of the child’s behavioral and social-emotional functioning, results
supported the hypothesis and revealed a significant positive correlation between childrelated parent stress and expressed concerns about externalizing behavioral problems in
their child. There was no significant relationship between internalizing behavioral
problems reported and parental stress and this finding may be due to parents being less
aware of the difficulties experienced in their children when they are internalized.
However, results that demonstrate a significant relationship between child-related
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parental stress and expressed concerns about externalizing behavioral problems is
consistent with previous studies that demonstrate TBI pediatric patients often have
problems with concentration and personality changes (Hawley, Ward, Magnay, & Long,
2002), including problems with mood lability, aggression, apathy, and being paranoid
(Max, et al., 1998). These deficits are observable behaviors that can significantly impact
a parent’s stress as it relates to their child’s functioning.

Behavioral and Social-Emotional Functioning
As expected, children with non-accidental head trauma in this study had
significantly higher behavioral and social-emotional problems endorsed by their parents
compared to the normative sample. Specifically, the mean reported externalizing
problems for children in this study was in the Mildly Impaired range. However, overall
mean internalizing problems reported by parents was in the Average range. This finding
is similar to previous studies that demonstrate significant impairments with emotional
regulation skills in children with inflicted traumatic brain injuries (Ewing-Cobbs, Prasad,
Kramer, Landry, 1999). Similarly, other studies have demonstrated additional behavioral
concerns such as self-injurious behaviors, severe temper tantrums, rage reactions, marked
problems with attention, impulsivity, hyperactivity, and ritualistic behaviors (Barlow, et
al., 2005).

Executive Functioning and Behavioral/Social-Emotional Functioning
Hypothesis nine examined the relationship between the child’s inhibition and
emotional regulation skills and their social and emotional functioning. This analysis
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revealed a significant positive correlation between a child’s problems with general
inhibition skills and problems with hyperactivity, as expected. Additionally, there was a
significant positive correlation between problems with hyperactivity, as reported by the
parents, and problems with emotional regulation skills. Further, there was a significant
positive correlation between parents’ reported problems with their child’s emotional
regulation skills and externalizing problems overall. The greater the number of problems
with emotional control reported, the greater problems with externalizing behaviors were
also reported. Additionally, there was a significant positive correlation between
problems with inhibition and problems with attention as reported by parents. There was
also a significant relationship between greater problems with adaptability being reported
and problems with emotional control. Further, there was a significant relationship
between greater problems with inhibition and emotional control and problems with social
skills. There was also a significant relationship between greater problems with inhibition
skills and problems with functional communication. Finally, there was a significant
relationship between greater problems with inhibition and emotional control and
problems with adaptive skills overall.
In summary, children with non-accident head injuries in the current study present
with a number of significant global difficulties, including problems with cognition,
visual-motor, fine motor, attention, memory, language, executive functioning, and socialemotional/behavioral functioning. Global impairments can significantly impact a child’s
development and adjustment to their external environments. Further, the current study
demonstrates how these global impairments increase parental stress as well, which
consequently can create additional difficulties with parent-child relationships. Children
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with non-accidental trauma likely had pre-morbid risk factors, which also need further
examination. However, it is also apparent that they have several post-injury risk factors
(i.e. both individual characteristics that are high risk due to their global deficits, but also
environmental risk factors due to elevated parental stress). These are important findings
to highlight, as they suggest the importance of regular monitoring and need for
intervention in this population.

Limitations
There were several limitations in this study that should be addressed.
Specifically, while this study anticipated a larger sample size, there were several
variables that prevented recruitment of a larger sample size. For instance, many of these
subjects who have been in multiple foster placements due to the severe nature of their
abuse and do not have updated contact information, and other high risk factors are still
part of the families that provide regular care to the recruited subjects that likely interfere
with their ability to participate in studies such as this current study (i.e. that involve time
commitments). Additional limitations in this study include the small sample size, there
were not enough subjects in different age groups and this limited the variability within
each age group as well. Another limiting variable in this study was that there was not
enough variability across the parent’s education level and other SES factors to examine to
what extent these variables may be risk or protective factors in a subject’s recovery
trajectory. Further, a possible limitation that may have impacted the findings in the
current study is that the 13 subjects that did participate in the study may have been more
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likely or responsive to need consultative services in neuropsychology and neurology due
to higher degree of impairments noted by parents (i.e. greater need for services).
Another limitation of this current study is that there is not enough variability in
the time since injury to examine how this variable may impact long term
neuropsychological functioning. The mean time since injury in the current study was 3.5
years; however, other studies have demonstrated variability in neuropsychological
functioning depending on the length of time since date of injury (Massagli et al., 1996).
Additionally, in the current study not all hypotheses could be examined due to
either lack of variability or limited subjects who had certain variables recorded at time of
injury. Specifically, EEG findings at time of injury could not be examined in relation to
neuropsychological and neurodevelopmental outcomes at follow up due to only two
subjects having a completed EEG at the time of injury. Further, the presence of nonreactive pupils could not be examined in relation to neuropsychological and
neurodevelopmental outcomes due to the lack of variance for this variable (i.e. all
children had reactive pupils at time of injury). Further, duration of impaired
consciousness could not be examined in this study as a clinical variable, due to the lack
of records on this variable, likely due to the information being unavailable or unknown.
Another limitation of the current study is that information regarding each
individual subject’s neurometabolite ratios detected on the MRS and SVS at time of
injury and the degree of standard deviation from the norm based on age group was not
available for this study. As such, future studies should examine how much deviation
from the normative sample based on age for neurometabolite ratios these subjects
demonstrate at time of MRS and SVS data collection.
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Finally, another limitation of the study is that enough information about genetic,
biological, or environmental risk factors in these subjects prior to the injury were not
available to examine to what extent this may have contributed to their recovery trajectory.
For instance, studies have demonstrated that children with special needs or children with
parents who are mentally ill are at greater risk for abuse (Scarborough, Lloyd, Barth,
2009); however, these pre-injury variables or risk factors were not examined in the
current study.

Clinical Implications & Future Directions
As previously discussed, there are opposing arguments regarding age at time of
injury as a protective or risk factor in the recovery trajectory in children. Some theorists
argue for the plasticity model in younger children (Chapman & McKinnon, 2000), while
others argue that children who were younger at time of study have less developed
neuropsychological or cognitive skills which impacts their recovery trajectory from
severe head injuries (Anderson & Moore, 1995; Anderson, Morse, Catroppa, Haritou, &
Rosenfeld, 2004). The findings in this study did demonstrate that the greater the age at
time of injury, the better the performance on measures of language assessed in children
between the ages of 2 and 7 years 11 months and executive functioning. These findings
are consistent with previous findings that suggest language and executive functioning are
skills that are consolidated and mastered with greater age and that injury while these
skills are still immature can significantly impact their recovery trajectory. However, it
was also noted that younger children in this study also performed better on some
measures compared to older children in the study, which may be reflective of difficulties
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with deficits being identified at early ages or until more complex developmental demands
are placed on the developing child. However, overall, this study and previous studies
support the idea that greater intensive early interventions should be provided to children
who have had an acquired traumatic brain injury at an earlier age. Many interventions
are not provided to children until they demonstrate qualifying for services at a later age;
however, preventive and early intervention services have demonstrated helping children
with brain injuries meet their optimal potential (Chevignard, Brooks, & Truelle, 2010).
Future studies should also examine to what extent children who are younger are at greater
risk in terms of their recovery trajectory other than due to their more immature neuronal
networks. Specifically, studies should be conducted that examine not only biological
variables, but also familial factors and other environmental variables that may be present
in children who are younger that increases their potential risk for abuse and non-accident
head trauma.
Additionally, there were several surprising findings in this study that identified
significant relationships between both clinical and 1H-MRS variables and motor
functioning in children. Previous studies have not identified similar findings, primarily
because either a composite neuropsychological index measure was used as an outcome
measure or because motor functioning was not included as a measure in the testing
battery. As such, future studies should further explore motor outcomes in this population,
specifically as it relates to neuropsychological and neurodevelopmental outcome.
The current study identified several significant relationships between 1H-MRS
neurometabolite ratios and neuropsychological outcome, even though significant models
were not identified when clinical variables were controlled for. The lack of significance
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with these models is likely due to limited power from small sample size. As such, the
current study was consistent with identifying correlations between 1H-MRS and
neuropsychological/neurodevelopmental performance in long-term follow up. These
findings have several clinical implications, including that when abnormalities are
detected at time of 1H-MRS collection, discharge and treatment planning should
immediately provide psycho-education to parents about the possibilities of their child’s
functional outcomes. For instance, treatment and discharge planning should immediately
include regular/interval neurodevelopmental and/or neuropsychological evaluations to
assess and monitor their child’s functioning level during the recovery trajectory. Further,
immediate rehabilitation services should be recommended and implemented, including
parent-child relational interventions that help parents address the neurobehavioral and
psychosocial difficulties that were identified in the current study. Further, specific
rehabilitation services that should be implemented include speech and language
pathology, cognitive rehabilitation services, occupational therapy, and physical therapy
services. It is likely that to ensure that these services are implemented following
discharge planning, case management services should be provided to help increase the
likelihood of following through with the services and to help provide advocacy services
to these high risk children.
Additional future directions based on the current findings include studies that
compare the neuropsychological and neurodevelopmental functioning among children
who have either experienced non-accidental or accidental traumatic brain injuries.
Similar to the current study, previous studies also demonstrate that children with nonaccidental head traumas have generally impaired functional outcomes. However, the
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findings for children with accidental trauma are not as consistent, depending on different
clinical variables. As such, future studies should more closely examine what unique
variables likely contribute to this difference in functional outcomes to help guide
intervention services to these high-risk populations. Further, the findings from the
current study demonstrate the need for intensive services particularly to the nonaccidental head trauma patients and the need for studies that identify what specific
interventions will help these children reach their optimal potential post-injury. As
demonstrated in the current study, there are significant associations between child
outcomes and parental stress. While the current study does not demonstrate causational
relationships, this finding does imply the importance of identifying what interventions
will be helpful to not only the child as an individual to help them meet their optimal
potential, but also what interventions or resources can be provided to parents to help them
adjust to their own experienced trauma from their child’s injury and ways in which they
can facilitate the recovery trajectory in their children.
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APPENDIX A
PHONE SCRIPT
Recruitment Script for Participants Diagnosed with Nonaccidental, Closed
Head Injury through the Pediatric Neurology Department at Loma Linda
University Loma Linda University Children’s Hospital












Hello, my name is Dr. Greg Aaen, (or Dr. Meriam Makary, or Dr. Vidhya
Krishnamurthy, or Aileen Vedda) with Loma Linda University's Children’s
Hospital. May I speak to the parent or guardian of (insert child’s name)?
I would like to tell you about a research study that is being done by Kids FARE in
conjunction with the Department of Pediatric Neurology
Would it be convenient for me to talk to you about this study right now? (If not,
set time for re-call.)
The purpose of this study is to better understand the cognitive effects and
behavior characteristics associated with head injury during infancy or childhood.
You are invited to participate because you have a child who has a history of a
traumatic brain injury and who has been seen by the Loma Linda University
Department of Pediatric Neurology.
If you agree to participate, you will be asked to make an appointment during
which time your child’s cognitive abilities will be tested. Your child will be asked
to perform tasks that they may commonly do at home such as stacking blocks,
manipulating toys, crawling, or walking. Other areas include tasks that your child
may commonly perform in school such as vocabulary and math, as well as putting
together puzzle pieces and blocks. While they are being tested, we will ask you,
the caregiver, to complete a short questionnaire related to demographics, as well
as questionnaires related to your child’s behavior, your interaction with your
child’s ability to plan and organize, and your interaction with your child.
It will take you approximately 1 hour, at most, to complete these questionnaires.
During this time, your child will be tested. Testing for children 36 months of age
and under will take about 1-2 hours to complete. Testing for children over 3 years
will take approximately 3 hours to finish. We will take several short breaks during
this period.
You will not be paid for your participation in this study. However, to thank you
for your time, you will receive a report including an interpretation of your child’s
abilities on these tests.
Possible risks are that while filling out some of the surveys, you may be reminded
or become more aware of difficult behaviors your child has previously shown. If
you become uncomfortable with these questions, you have the right to skip them
or stop answering the questions at any time. You should also know that some
information that is in your child’s medical chart will be obtained for research
purposes. However, information will remain confidential and no information that
may identify your child will be recorded or revealed.
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Possible benefits are that you will receive a report that includes an interpretation
of your child’s abilities at this time. Your child may benefit personally from
participation in this study as this assessment will provide individual
recommendations and referral information as appropriate. Furthermore,
permitting your child to participate will allow healthcare professionals and other
future parents of children who have experienced a traumatic brain injury to better
understand the neuropsychological and behavioral effects related to traumatic
brain injury and how to best assist the children.
Do you have any questions?
You can contact Dr. Makary or Dr. Krishnamurthy if you have questions about
this study.
Participation is voluntary. Your decision whether or not to participate or to
terminate at any time will not affect your care.
Would you like to schedule an appointment to allow your child to participate in
testing?
Thank you for your time. Your help is greatly appreciated.
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APPENDIX B
INFORMED CONSENT

Dear Parent or Guardian,
Thank you for the interest you have expressed in participating in this research study. You
are invited to participate in this study because your child has previously had a traumatic
brain injury.
Purpose and Procedures
The purpose of this study is to understand the neuropsychological and behavioral characteristics
of children who had a traumatic brain injury. To obtain this information, we are asking you to
fill out questionnaires related to your child’s background, your child’s behavior, and your
interaction with your child. It should take approximately 1 hour, at most, to complete these
questionnaires. We will ask you to complete the questionnaires while your child is being tested.
Younger children will be asked to perform tasks such as stacking blocks, manipulating toys,
crawling, or walking. Older children will be asked to perform school type tasks such as
vocabulary and math, as well as putting together puzzle pieces and blocks. Testing will take
approximately 1 hour for children between the ages of 2 to 36 months. The assessment for
children between 3 years to 12 years will take approximately 3 hours to complete.
Risks

While filling out some of the surveys, you may be reminded or become more aware of
difficult behaviors your child has previously shown. If you become uncomfortable with
these questions, you have the right to skip them or stop answering the questions at any
time. Your child may become mildly upset or frustrated during the presentation of tasks.
If this happens, breaks will be provided to help him/her calm down. However, in the
event that s/he is unable to be focused back on the task you will have the following
options: 1) reschedule testing for a subsequent time, 2) or discontinue your participation
in this study. The committee at Loma Linda University that reviews human studies
(Institutional Review Board) determined that participating in this study exposes you and
your child to minimal risk.
Benefits
You will receive a report that includes an interpretation of your child’s abilities at this time. Your
child may benefit personally from participation in this study as this assessment will provide
individual recommendations and referral information as appropriate. Furthermore, permitting

_____________ Initial
______________ Date

Page 1 of 2
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your child to participate will allow healthcare professionals and future parents of children who
have experienced a traumatic brain injury to better understand the neuropsychological and
behavioral consequences of a traumatic brain injury and how to best assist the children.
Participant’s Rights
Participation in this study is entirely voluntary. Your decision whether to participate or terminate
participation at any time will be respected.
Confidentiality

All results are strictly confidential. All information about you and your child collected
during this study will be kept in a locked cabinet and will only be accessed by authorized
research personnel. Public presentation or publication of information gathered in this
study will not disclose the identity of you or your child.
Additional Cost:
There is no cost to you for your child’s participation in this study.
Reimbursement:
There will be no monetary reimbursement for those participating in this research study.
Impartial Third Party Contact:
If you wish to contact an impartial third party not associated with this study regarding
any complaint you may have about the study, you may contact the Office of Patient
Relations, Loma Linda University Medical Center, Loma Linda, CA 92354, (909) 5594647, for information and assistance.
Informed Consent Statement
I have read the contents of the consent form and have listened to the verbal or written
explanations given by the investigator. My questions concerning this study have been answered
to my satisfaction. I hereby give voluntary consent to participate in this study. Signing this
consent document does not waive my rights nor does it release the investigators, institution, or
sponsors from their responsibilities. If I have additional questions or concerns directly related to
the study I may contact Dr. Kiti Freier at (909) 558-8755. I have been given and am keeping a
copy of this consent form.

___________________________
Signature of parent or guardian
___________________________
Witness’ Signature

___________________________
Date
___________________________
Date
Page 2 of 2
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Child Assent
You are invited to participate in this research study because you have received medical
care from Loma Linda University Children’s Hospital for an injury to your head in the
past. In this study, we will ask you to do several different things that are like some of the
tasks you do in school. For example, we will ask you to do things like play with blocks
and puzzles, do math questions, and answer questions about what words mean. This study
will take about 3 hours to finish. During this time, you will be allowed to have several
short breaks.
You don’t have to answer any questions that you don’t want to and you can stop anytime
you want. No one will get mad at if you want to finish early. It won’t make any
difference to your doctor if you don’t want to be in the project. If you feel bad about any
of the questions that you answer, you can talk to the person giving the test, your doctor,
or your parents.
How you answer the questions will not be shared with anyone but your parents. The
person giving the test may talk to you about your answers if you are having trouble
answering the questions or if they would like to make sure they understand some of your
answers
If you have any questions, you can ask the person giving the test, your doctor, your
parents, or you can have your parents call Dr. Kiti Freier at (909) 558-8725.
____________________________________
Child’s Signature
____________________________________
_________________________
Investigator’s Signature
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_________________________
Date

Date

APPENDIX C
BACKGROUND QUESTIONNAIRE
1. Child’s Name:______________________________________
2. Address:___________________________________________
_____________________________________________________
3. Telephone Number:__________________________________
4. Child’s Date of Birth:_________________________________
5. Child’s Age:________________________________________
6. Child’s Gender (please circle):

Male

Female

7. Please indicate your relationship with the identified child:
______________________________________________________
8. Child’s Ethnicity (please circle):
Hispanic/Latino
Caucasian
African American
Asian
Other (please explain) _________________________________
9. How many years of education have you completed? __________________
10. Highest degree or credentials: ____________________________________
11. Current Occupation:____________________________________________
12. How many years of education has your significant other completed?
_____________________ Years
13. Significant other’s highest degree or credentials:_____________________
14. Significant other’s current Occupation:_____________________________
15. Approximate Family Income: $____________________
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16. Please list the people living in your household according to their relationship to
the child (e.g. biological mother, sister, stepfather, maternal aunt, friend of family,
etc.):
_____________________________

_________________________

_____________________________

_________________________

_____________________________

_________________________

_____________________________

_________________________

_____________________________

_________________________

17. Has the child ever been placed in a foster home or resided with a relative due to a
Department of Child and Family Services requirement?
Yes

No

If Yes, please list the number of foster placements or residencies: _________
Educational History:
18. Please list the child’s educational history and their performance in each grade (i.e.
Grade K-Below Average, etc.)
____________________________

_________________________

____________________________

_________________________

____________________________

_________________________

____________________________

_________________________

19. Has your child ever been diagnosed with any learning disabilities? If so, please
list:
____________________________

__________________________

____________________________
__________________________
20. Does your child receive any of the following special education services, or any
other services (please circle)?
a) Speech & Language therapy
b) Physical therapy
c) Occupational therapy
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d) Resource room
e) Other (please explain)________________________________________
20. Has your child repeated a grade?
Yes No
If yes, please list grades repeated:_________________________
Medical History:
21. Please indicate any of the following medical problems the child has had
previously (please circle):
a)
b)
c)
d)
e)
f)
g)
h)
i)
j)
k)
l)
m)

Prematurity
Failure to Thrive
Ear infections
Feeding difficulties
Sleep disturbances
Hospitalizations
Asthma
Surgeries
Head trauma/head injury
Broken bones
Accidents
Bruises
Seizures

Developmental/Psychological History:
22. Has your child ever been diagnosed with any of the following in the past (please
circle):
a) Developmental delay (delays in any areas, including expressive/receptive
language, fine and gross motor, cognitive, and behavioral functioning)
b) Autism (Autism Spectrum Disorders)
c) Enuresis (i.e. bed-wetting or lack of control over urination)
d) Encopresis (i.e. lack of control over bowel movements)
e) Pica (i.e. abnormal consumption of inedible materials such as chalk)
23. Has your child been diagnosed with any of the following (please circle)?
Who made the Diagnosis
Diagnosis
Depression
__________________________
ADD/ADHD
__________________________
Learning Disability
__________________________
Schizophrenia
__________________________
Bipolar
__________________________
Cleft Lip
__________________________
Cleft Palate
__________________________
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Other (please explain):
______________________________________________________________
24. Family History: Please indicate whether there is a family history of mental
health conditions within two generations of the child. This includes biological
parents and both sets of grandparents (maternal and paternal) of the identified
child (Please circle all that apply):
a) Depression
b) Psychosis
c) Schizophrenia
d) Bipolar Disorder
e) Mania
f) Other (please explain):________________________________________
______________________________________________________________
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